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PREFACE. 


Tur poſſibility of making cloths of gold, 
filver, and other metals, by chymical pro- 
ceſſes, occurred to me in the year 1780: the 
project being mentioned to Doctor Fulhame, 
and ſome friends, was deemed improbable. 
However, after ſome time, I had the fatis- 
faction of realizing the idea, in ſame degree, 
by experiment. 

Animated by this ſmall ſucceſs, I have, 
from time to time, ever ſince, proſecuted the 
ſubject as far as pecuniary circumſtances 
would permit. 

I imagined in the beginning, that a few 
experiments would determine the problem; 


but experience ſoon convinced me, that a 
very great number indeed were neceſſary, be- 
fore ſuch an art could be brought to any to- 

lerable degree of perfection. 
A narration of the numerous experiments, 
which I made with this view, would far ex- 
A2 ceed 
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cecd the bounds, I preſcribe myſelf in this 
eflay ; I ſhall therefore prefent the reader only 
with a few, ſelecting ſuch as! judge moſt in- 
tereſting, and beſt adapted to illuſtrate the 
tubject. 

Though I was, after ſome conſiderable 
time, able to make ſmall bits of cloth of 
gold, and filver, yet 1 did not think them 
worthy of public attention ; but by perſe- 
vering, I at length ſucceeded in making pieces 
of gold cloth, as large as my finances would 
admit. 

Some time after this period, I found the 
invention was applicable to painting, and 
would alſo contribute to facilitate the ſtudy 
of geography: for I have applied it to ſome 
maps, the rivers of which I repreſented in 
filver, and the cities in gold. The rivers ap- 
pearing, as it were, in filver ſtreams, have a 
molt pleating effect on the ſight, and relieve 
the eye of that painful ſearch for the courſe, 
and origin, of rivers, the minuteſt branches of 
which can be ſplendidly repreſented in this 
way. 

_* Notwithſtanding this further ſucceſs, I was 

| dubious about the propriety of publiſhing this 

| Eſſay; I therefore ſhewed ſome ſpecimens of 

mn theſe metallic ſtuffs to perſons, whom Ithought 

| qualified to judge of them : ſome approved of 
them very much, and_were pleaſed to ſay, 
that the invention would make an era in the 
arts; others thought it a pretty conceit ; and 

| others were of opinion, that the ſtuffs had 

5 not 
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not that ſplendour, or burniſhed appearance, 

which could entitſè them to public notice. 
Fhe latter opinion had much weight with 

me; for it muſt be allowed, that the ſpeci- 


mens, which I ſhewed them, had not that 


luſtre and poliſh, neceffary for ſhoulder-knots, 
lace, ſpangles, gold muſlins, &c. ; that ſome 
of them had a reddiſh caſt, bordering on the 
colour of copper, ſome a purple, mixed with 
gold; and that ſome of them were unequal 
in the die, and ſeemed ſtained ; which im- 
perfections were owing to a partial reduction 
of the metal in the fibres of the ſilk. 

But all theſe imperfections, except the 
want of that burniſhed luſtre ſo neceſſary for 
gold lace, ſpangles, &c. I knew I could re- 
medy ; and therefore the criticiſm, as far as 
it relates to them, had no great influence with 
me. 

I am in poſſeſſion of ſome pieces, one of 
which 1s about a yard in length, which have 
ſcarce any of theſe imperfections. | 

Moreover, that high poliſh of burniſhed 
gold, ſo neceſſary in ſpangles, lace, &c., 
would, in my opinion, be a great imperfec- 
tion in gold ſtuffs deſigned for whole ſuits ; as 
a perſon in ſuch a habit, would look like a 
gilded ſtatue. | 

I ſaw a piece of gold ſtuff made for the late 


King of Spain, which was ofa purple colour, 


with gold wire ſhining through it, though 
rather obſcurely ; and it was much admured : 
I was fo ſtruck with its beauty, that I at- 

| . rempted 
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tempted to imitate it on a ſmall bit of white 
ſilk ; and ſucceeded, having produced a beau- 
tiful purple colour, with gold beaming through 
It. 

Therefore, the want of that burniſhed ap- 

pearance is no objection to this art; for the 

aler, and cooler, to a certain degree, the co- 
— of the gold is, the more lovely do theſe 
metallic cloths appear, | 

I made ſmall bits of gold tiffany, which 
looked exceedingly beautiful ; the fineneſs of 
the thread contributing much to that effect; 
and, in my opinion, ſuch webs are inimitable 
by mechanical means. 

Beſide, though I am not able to make 
cloths like burniſhed gold, others of greater 
means and abilities may; for we cannot pre- 
tend to preſcribe any limits to the perfection, 
at which chymiſtry, and the arts, may ar- 
rive. | 

However, I muſt acknowledge, that this 
unfavourable judgement ſuſpended my inten- 
tion of publiſhing this little work, uutil a ce- 
lebrated — happening, ſome time in 
October 1793, to ſee — of the ſame pieces, 
and indeed, ſome of the worſt, viewed the 
performance in a very different light. 

This illuſtrious friend of ſcience not only 
3 of the ſpecimens ſhewn him, but 
offered to have a memoir on the ſubje& pre- 


ſented to the Royal Society: but different in- 


cidents diſſuaded me from that mode of pub- 
lication, and induced me to adopt the preſent. 
| I now 
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I now no longer heſitated about the pro- 
priety of publiſhing; for, every thing conſi- 
dered, I judged, that though this art could 
never be eſtabliſhed, which 1s by no means 
my opinion, yet the experiments themſelves, 
upon which I attempted to found it, as they 
are new, and ſeem to throw ſome light on 
the theory of combuſtion, are not unworthy 
the attention of Chymiſts. | 

Thoſe who viewed my performance with 
a favourable eye, were of opinion, that I 
ſhould dedicate this Eflay to ſome patron of 
the arts; or apply for his Majeſty's Royal 
letters patent, in order to reimburſs the ex- 
pence neceſſarily incurred in this inveſtiga- 
tion, an expence ſo diſproportionate to the 
fortune which ſupported it, that nothing but 
a certain fatality, and the hope of reward, 
could induce me to perſevere. b 

As to patrons, I have heard of ſuch beings 
on the record of fame; but never ſaw one: 
on the contrary, it has been my lot to know 
of many, whoſe malignant breath, as far as 
its deadly influence can extend, never ceaſes 
to blaſt the unſheltered bloſſoms of ſcience.— 
And as for a patent, had I even the means, I 
ſhould perhaps never attempt it ; for if we 
may judge of the future by the paſt, I can 
"_ — that ſuch an application would 

e vain. Eu” 

Thus circumſtanced, I publiſh this Eſſay 
in its preſent imperfect ſtate, in order to pre- 
vent the furacious attempts of the prowling 


plagiary, 
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plagiary, and the inſidious pretender to chy- 
miſtry, from arrogating to themſelves, and 
aſſuming my invention, in plundering ſilence : 
for there are thoſe, who, if they can not by 
chymical, never fail by ſtratagem, and me- 
chanical means, to deprive - induſtry of the 
fruits, and fame, of her labours. = 

But the Britiſh empire ſhould not forget, 
that ſhe owes her power and greatneſs to com- 
merce; that ſhe is, as it were, the hive of the 
arts, aud ſhould not, by the ſulphureous va- 
pour of oppreſſion, and neglect, compel] her 
bees to ſwarm for protection to foreign climes, 
but rather permit them to roam in their na- 
tive ſoil, and allow them, in the winter of 
life, to ſip a little of the honey of their own 
induſtry. 

The nation, whoſe evil genius withholds 
this protection, only ſounds the trumpet of 
emigration ; and muſt ere long lament her 
cities deſerted, her fields brown with deſo- 
Jation, and herſelf the eaſy prey, and vile 
drudge of ſurrounding greatneſs. 

I firſt imagined, that the proper title of this 
performance, ſhould be, an Eſſay on the Art 
of. making Cloths of Gold, Silver, and other 
Metals, by chymical proceſſes ; but reflect- 
ing on the imperfect ſtate of the art, and that 
my experiments related not only to the reduc- 
tion, but alſo to the calcination of- metals, 
and other combuſtible bodies, I determined 
to entitle it, An Eflay on Combuſtion, with 


a view to a new Art of Dying and Painting, 
which 


PREFACE : ix 


which includes every thing the experiments 
can extend to. 

As to the ityle, I have _— 'avourcd to re- 
late the experiments in a plain and ſimple 
manner, aiming more at perſpicuity, than 
elegance. 

I have adopted the French Nomenclature, 
as the terms of it are ſo framed, as to prevent 
circumlocution, aſſiſt the memory, by point- | 
ing out the combination, and ſtate of the 
elements exiſting in each compound, as far 
as they are known ; advantages to be found 
in no other Nomenclature. 

However, the Englith reader muſt regret, 
that the French chymiſts have not preferred 
the terms air, and ammonia, to the lets har- 
monious ſounds, gas, and ammoniac. I took 
the liberty of writing the latter ammonia. 

I have not related my experiments in the 
order, in which they were made, ſenſible 
that ſuch a narration would be tedious, and 
that a ſhort extract from them would anſwer 
every pur poſe at preſent intended. 

The experiments related I have endeavour- 
ed to arrange in ſuch a manner, as mutually 
to illuſtrate each other, by contraſting the 
ſucceſsful with thoſe, that failed, thus point- 
ing out a general principle, which forms a 
chain through the whole, connects all the ex- 
periments, ſhows their points of. coincidence, 
and diſagreement, and by this means furniſhes 
us with data, by which; I hope, the art may 
be improved, 

This 
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This arrangement allo facilitates the peru- 
fal, and relieves the mind of that fatiguing at- 
tention, which muſt neceſſarily be given to 
an indigeſted maſs of inſulated experiments, 
that have no clew to connect them, but has, 
on the other hand, its diſadvantages for it 
throws a ſameneſs on the work, incompatible 
with that variety which 1s often ſo agreeable, 

My apparatus conſiſted chiefly of a few 
glaſs veſſels for the ſolution of metals, and 
the formation of ſuch elaſtic fluids, as I uſed. 
The cheapeſt, and the moſt ſimple of thoſe 
deſcribed by Dr. Prieſtley anſwered my pur- 
poſe. 

Dr. Nooth's machine for combining car- 
bonic acid with water, 1s very convenient for 
making ſmall experiments with ſome kinds of 
gas; as the baſe of that machine ſerves to 
contain the materials, from which the gas 1s 
obtained; and the middle glaſs the cloth pre- 
viouſly dipped in the metallic ſolution, on 
which the experiment 1s to be made. 

The cloth may be ſuſpended in this part of 
the machine, by means of a thread, and a 
cork. 

As this machine is uſeful only in experi- 
ments on a very ſmall ſcale, I ſometimes 
uſed tall glaſs cylinders, in which I ſuſpended 
the ſubject of the experiment, by means of a 
thread, a cork, and a bit of cement. 

This cylinder I placed over a veſſel contain- 
ing the materials, which produced the * 
18 


PREFACE. xi - 


It 1s very convenient to have cylinders of 
different ſizes, proportioned to the ſcale, on 
which the experiments are to be made. 

But machinery for confining elaſtic fluids 
is not always neceſſary; as molt of the expe- 
riments may be performed in the open air. 

It may appear preſuming to ſome, that I 
ſhould engage in purſuits of this nature, but 
averſe from indolence, and having much lei- 
ſure, my mind led me to this mode of amuſe- 
ment, which I found entertaining, and will, 
I hope, be thought inoffenſive by the liberal, 
and the learned. But cenſure is perhaps in- 
evitable; for ſome are fo ignorant, that they 
grow ſullen and ſilent, and are chilled with 
horror at the fight of any thing, that bears the 
ſemblance of learning, in w atever ſhape it 
may appear; and ſhould the ſpectre appear in 
the ſhape of woman, the pangs, which ** 
ſuffer, are truly diſmal. 

There are others, who ſuffer the ſame nw 
ture in a ſtill higher degree; but by virtue of 
an old inſpiring tripod, on which ignorance, 
ſervility, or chance, has placed them, aſſume a 
dictatorſhip in ſcience, and fancying their 
rights and prerogatives invaded, {well with 

rage, and are ſuddenly ſeized with a violent 
and irreſiſtible deſire of revenge, manifeſting 
itſelf by innuendos, nods, whiſpers, ſneers, 
grins, grimace, fatanic ſmiles, and witticiſms 
uttered ſometimes in the acute, and ſome- 
times in the naſal obtuſe twang, with an af- 
fected hauteur, 1 contempt of the ſpectre: 
ſhrugs, 
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ſhrugs, and a variety of other contortions, 
attending. 

Sometimes the goblin, lich thus agitates 
them, lurks latent, and nothing is perceived 
but hollow murmurs, portending ſtorms : 
ſometimes the lurking fienddarts with ſidelong 
fury at the devoted object, which, if unarm- 
ed, falls a victim to the grifly monſter. 

But happily for human kind, the magic 
tripod drags none into its dizzy vortex, but 
thoſe who are radically ſtupid, and malicious, 
who are the beaſts of prey deſtined to hunt 
down unprotected genius, to ſtain the page 
of biography, or to rot unnoted 1 in the grave 
of oblivion. : 

Although the ſurge of deliberate malice be 
_ unavoidable, its force is often ſpent in froth, 
and bubbles; for this little bark of mine has 
weathered out full many a ſtorm, and ſtemmed 
the boiſterous tide; and though the cargo be 
not rich, the dangers, which may hereafter 
be pourtrayed on v97zve /ablet, may ſerve as a 
beacon to future mariners. 

But happen what may, I hope I ſhall never 
experience ſuch deſertion of mind, as not to 
hold the helm with becoming fortitude againſt 
the ſtorm raiſed by ignorance, petulant arro- 
gance, and privileged dulneſs. 

However, were I not encouraged by the 
juds zement of ſome friends, and poſſeſſed of 
ſpecimens, to ſhow the progreſs made in the 
art, I thould never perhaps venture to publiſh 
this Eflay ; as Iam ſenſible, it labours under 

many 
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many imperfections, which inaccuracy of ob- 
ſervation, and the drapery of imagination, 
muſt ſpread over the whole, imperfections 
perhaps unavoidable in ſuch a diſcuſſion. | 
Finding, the experiments could not be ex- 
plained on any theory hitherto advanced, I 
was led to form an opinion different from that 
of M. Lavoiſier, and other great names. 
Perſuaded that we are not to be deterred from 
the inveſtigation of truth by any authority 
however great, and that every opinion muſt 
ſtand or fall by its own merits, I venture with 
diffidence to offer mine to the world, willin 
to relinquiſh it, as ſoon as a more — 


appears. 


November 5th, 1794. 
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INTRODUCTION. 


Troven ſome of the phenomena of 
combuſtion were known from the earlieſt 
ages, yet no rational attempt to explain them 
was made till about the middle of the 17th 
century. | 

Before that period, it was ſuppoſed by 
alchymiſts and phyſicians, that ſulphur was 
the inflammable principle, on which all the 
phenomena of combuſtion depended. 

But Beccher perceiving, that ſulphur did 
not exiſt in ſeveral combuſtible bodies, aſ- 
ſerted it was not the principle of inflamma- 
bility ; which, he maintained, was a diffe- 
rent ſubſtance, common to ſulphur and other 
combuſtible bodies: this principle he ſup- 
poſed to be of a dry nature, aud called it in- 
flammable Earth. | SL 

Stahl refined this hypotheſis by ſuppoſing 
the inflammable earth of Beccher to be pure 
fire, fixed in combuſtible bodies, and couſti- 
tuting an eſſential part of them. 

According 
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According to Stahl, a combuſtible body is 
a compound, containing fixed fire, or phlo- 


giſton; and combuſtion is the diſengagement 


of this phlogiſton from a fixed to a free 
{tate, attended ſometimes with heat and 
light: when theſe phenomena ceaſe, the 
body becomes incombuſtible; if this calcined 
body be now heated with charcoal, or any 
other inflammable ſubſtance, capable of giv- 
ing it phlogiſton, or fixed fire, it returns 
again to the claſs of inflammable bodies. 

This hypotheſis is fo ſimple and plauſible, 
that, ſince the year 1736, it was received, 
though differently modified, all over Europe. 

The principal objections to it are, that the 
exiſtence of phlogiſton cannot be demon- 
ſtrated; and that it does not explain, why 
bodies become heavier after oxygenation, 
and lighter after reduction. 

M. Lavoiſier diſcovering, that the increaſe 
of weight, which bodies acquire during com- 
buſtion, is equal to the weight of the com- 
buſtible ſubſtance, and that of the vital air 
employed, denied the exiſtence of phlogiſton, 
or fixed fire, in combuſtible bodies; though 
he grants the exiſtence of combined caloric 
in them. He ſeems then to allow the exiſ- 
tence of phlogiſton, but to have changed 1 its 
name to that of caloric, and denied it the 
power of producing combuſtion. 

However, after diſcovering that the in- 
creaſe of weight, which bodies acquire du- 


ring combuſtion, depended on the quantity 


of 
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of the air abſorbed, he was led to the follow- 
ing beautiful hypotheſis, equally ſimple as 
that of Stahl; and if ever any hypotheſis 
deſerved the name of theory, ſurely it is that 
of M. Lavoiſier. 

According to M. Lavoiſier, “an inflam- 
© mable body is nothing elſe but a body 
« which has the property of decompoſing 
vital air, and taking the baſe from caloric 
« and light; that is to fay, the oxygene, 
* which was united to them; and that a 
„body ceaſes to be combuſtible when its 
affinity for the oxygene is fatisfied, or when 
„it is ſaturated with that principle; but 
„that it becomes again combuſtible, when 
„ the oxygene has been taken from it by 
„ another body, which has a ſtronger affi- 
„ nity with that principle. 

When this decompoſition of the air is 
“rapid, and, as it were, inſtantaneous, there 
is an appearance of flame, heat, and light; 
when, on the contrary, the decompoſition 
„ is very flow, and quietly made, the heat 
and light are frarcely perceptible *. 

Thus all the phenomena of oxygenation, 
which Stahl aſcribed to the diſengagement of 
phlogiſton, M. Lavoiſier aſcribes to th union 
of oxygen with combuſtible bodies. | 

And, on the other hand, all the pheno- 
mena of reduQion, which Stahl attributed 


* Eſſay on Phlogiſton, by M. Kirwan, a new edition, 
P- 21, and 16. 
B 2 


to 
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to the union of phlogiſton to calcined bodies, 


M. Lavoiſier attributes to the ſeparation of 


oxygen from the ſame. Combuſtion, then, 
according to Stahl, is the tranſition of phlo- 
giſton from one body to another; and, ac- 
cording to M. Lavoiſier, *tis nothing but the 
tranſition of oxygen from one ſubſtance to 
another. 

Stahl ſuppoſed, that the heat, and light, 
attending combuſtion proceed from the 
burning body; but M. Lavoiſier ſuppoſes, 
chat tlie heat, and light, proceed principally, 


and almoſt entirely, from the vital air. 


| However, this opinion of M. Lavoiſier is 


far from being eſtabliſhed; for Doctor Craw- 


ford has ſhown, that inflammable air contains 
a much greater quantity of heat, than vital 
air does, 

It is evident, then, that the great advan- 
tage, which M. Lavoiſier's hypotheſis has over 
that of Stahl is, that the former ſeems to 
account for the increaſe and decreaſe. of 

veight, which bodies ſuffer during calcina- 
e, * reduction. 

Notwithitanding this brilliant diſcovery, 
which ſeems to account, with ſuch eaſe, 
for the increaſe of weight, that bodies ac- 
quire during combuſtion, M. Macquer 
was of opinion, that M. Lavoiſier's hypo- 
theſis was inſufficient to explode that of 
Stahl, and endeavoured to remove the objec- 
ton urged againtt the nonexiſtence of phlo- 
giſton, "by ſuppoſing it to be light; and that 
in eyery caſe of combuſtion, light, and vital 

alr 
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air, mutually precipitate each other: ſo that, 
according to M. Macquer, when a body is 
oxygenated, vital air unites to it, and diſen- 
gages light; and, on the other hand, when 
an oxygenated ſubſtance is reduced to its in- 
flammable ſtate, light unites to it, and diſ- 
engages vital air. i | 

M. Scheele alſo modified the hypotheſis of 
Stahl, by ſuppoſing that heat, light, and in- 
flammable air, were compounds of empyreal, 
or vital air, and phlogiſton. Light, he 
thought, contained more phlogiſton than 
heat did; and inflammable air more than 
either: he farther ſuppoſed, that theſe com- 
pounds of vital air and phlogiſton were con- 
vertible into one another, by the addition, or 
ſubtraction, of phlogiſton ; and that, when a 
metal was reduced by them, they were de- 
compoſed ; their phlogiſton uniting to the 
ſubſtance reduced. 

His idea of calcination 1s, that metals either 
attract empyreal air by means of their phlo- 
giſton, and thus form heat, or that they 
communicate their phlogiſton to the air, and 


attract heat from the fire; and that, either 


way, there is empyreal air in the calces, 


which makes the overplus of their weight“. 
The laſt modification of Stahl's hypotheſis 


is that of M. Kirwan, who ſuppoſes that in- 


flammable air exiſts in a fixed, or concrete, 
ſtate in all combuſtible bodies, and is the 


Experiments on Air and Fire. Eng. tranf. p. 174. 


B 3 true 
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true phlogiſton of the antient chymiſts; and, 

as it can be exhibited in the form of air, its 

exiſtence is no longer doubtful. 

M. Kirwan ſuppoſes, that, when combuſ- 
tible bodies are calcined, or changed into 
acids, they combine moit commonly with 
ſixed air, formed during the operation, by 
the union of their phlogiſton to vital air; 
and ſomctimes to other lubſtances, and wa- 
ter, which is either abſorbed in ſpecie, or 
tormed by the union of their phlogiſtou to 
vital air, during calcination. 

He ſuppoſes, that ſome of theſe are reſtored 
to their combuſtible ſtate by the decompoſi- 
tion of their fixed air; ſome partly by the 
v decompoſition of their fixed air, and partly 
i by its expulſion, and that of the other foreign 

| bodies, they had abſorbed ; and laſtly, that 
ſome recover their combuſtibility by the ex- 
pulſion of water, and others poſſibly by its 
decompoſition in high degrees of heat. In 
all theſe reductions he ſuppoſes a ſimulta- 
neous reunion of theſe bodies to phlogiſton, 

or the inflammable principle x. 

„ Though M. Kirwan's hypotheſis ſeems to 
account for the increaſe of weight, which 
bodies acquire during combuſtion, yet he has 
not proved the exiſtence of inflammable air, 
in a concrete ſtate, in al} combuſtible bodies; 

nor has he ſhown, that fixed air is a com- 
pouud of inflammable, and vital air; neither 
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has he proved, that fixed air is the acidifying 
rinciple. 

All theſe objections have been made, with 
great juſtice, to his hypotheſis, by the anti- 
Phlogiſtians; who alſo object, that M. Kir- 
wan's account of calcination, and reduction, 
is complex, aud repugnant to the ſimplicity of 
nature; for, ſays M. De Fourcroy, * as 
« the author had admitted three general ſpe- 
e cies of calcination, it was neceſſary, that 
& he ſhould, likewiſe, admit three kinds of 
& reduction *. 

This criticiſin is very juſt ; but it will ap- 
pear, that the antiphlogiſtic account of calci- 
nation, and reduction, is no leſs complex, 
erroneous, and repugnant to the ſimplicity 
of nature: for when we conſider the various 
ſources, whence they derive the oxygen, 
which oxygenates bodies; and the long liſt 
of metallic reducers, which they ſuppoſe ; 
it muſt be allowed, that if ſimplicity be a re- 
commendation, their hypotheſis is deſtitute 
of that advantage. 

Thus, according to M. Lavoiſier, the oxy- 
gen, which oxygenates combuſtible bodies, 
is ſometimes derived from vital air; ſome- 
times from atmoſpherie air; ſometimes from 
acids; ſometimes from water; and ſome- 
times from metallic oxids, &c. 


On the other hand, the catalogue of ſub- 


* Eflay on — p- 2 
B 4 ſtances, 
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ſtances, which reduce bodies to their combuſ- 
tible ſtate, is no leſs numerous. 

Heat,“ ſays M. De Fourcroy, “ ſeparates 
„ oxygene from ſome; one metal takes it 
„from another; hydrogene, or inflamma- 
„ble gas, takes it from moſt metals; and 
„ carbone perhaps from all *.“ 

To this liſt, may be added phoſphorus, 
ſulphur, and compounds of theſe with hy- 
drogen; alſo light, and the electric fluid, 
&c., as will appear in the ſequel. 

But, I ſhall endeavour to ſhow, that the 
hydrogen of water 1s the only ſubſtance, 
that reſtores oxygenated bodies to their com- 
buſtible ſtate ; and that water is the only 
ſource of the oxygen, which oxygenates com- 
buſtible bodies, 

Want of ſimplicity is not the only defect 
in Mr. Lavoiſier's hypotheſis: for he ſuppo- 
ſes, that the increaſe of weight, which bo- 
dies acquire during combuſtion, depends on 
the abſorption of the oxygenous principle 


alone. 


Thus, when a bit of phoſphorus, ſulphur, 
or charcoal, is burnt in vital air; the increafe 
of weight, which theſe bodies acquire, he at- 
tributes entirely to oxygen, or the baſe of 
vital air. ; 

Theſe combuſtions he explains, by ſuppo- 
ſing, that the phoſphorus, ſulphur, and char- 
coal, decompoſe oxygen gas, by abſorbing 


* Eſſay on Phlogiſton, p. 205. 
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its baſe from caloric, and light, which are 
ſet free. 
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„ There is,” ſays M. Lavoiſier, “ a total 
abſorption of vital air, or rather of the 
oxygene, which forms its baſe in the com- 
buſtion of phoſphorus, and the weight of 
the phoſphoric acid obtained, 1s found to 
be rigorouſly equal to the weight of the 
phoſphorus, added to that of the vital air 
employed in its combuſtion, The ſame 
agreement of weights is obſerved in the 
combuſtion of inflammable gas and vital 
air, in the combuſtion of charcoal*,” &c. 
His idea of the calcination of metals is the 


ſame. 
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«© Wedonot,” ſays M. Lavoiſier, “ affirm 
that vital air combines with metals to 
form metallic calces, becauſe this manner 
of enunciating would not be ſufhciently 
accurate: but we ſay, when a metal 
is heated to a certain temperature, and 
when its particles are ſeparated from each 
other to a certain diſtance by heat, and 
their attraction to each other is ſufficiently 
diminiſhed, it becomes capable of decom- 
poſing vital air, from which it ſeizes the 
baſe, namely oxygene, and ſets the other 
principle, namely caloric, at liberty. 

*« This explanation of what pafles during 


* the calcination is not an hypotheſis, but 


the reſult of facts. It is upwards of twelve 


Þ 


5 9 Eſſay on Phlogiſlon, P- 14. 
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4 years, ſince the proofs have been laid b 
* one of us, before the eyes of the academy, 
„and have been verified by a numerous 
% commithon. It was then eſtabliſhed, that 
« when the calcination of metals is effected 
„ beneath an inverted glaſs veſſel, or in 
6 cioied veſſels containing knoven quantities 
* of air, the air itſelf is decompoſed, and 
« the weight of the metal becomes augment- 
« ed by a quantity accurately equal to that 
* of the air abſorbed. It has ſince been found, 
that when the operation was performed in 
very pure vital air, the whole might be 
„ abſorbed.” 

+ No ſuppoſition enters into theſe expla- 
* nations; the whole is proved by * 
“ and meaſure *.“ 

Hence it is evident, that M. Li con- 
founds oxygen with oxygen gas; and conſi- 
ders the latter as a compound of oxygen, 
light, and caloric. | 

But ſince the dryeſt oxygen gas contains a 
large proportion of water, as Dr. Prieſtley 

and M. Kirwan have ſhown +; and ſince the 
whole of the gas, except the caloric, and 
hight, is abſorbed, it neceſſarily follows, that 
the increaſe of weight, which bodies acquire 
during combuſtion, depends not only on the 
oxygen, but alſo on the water, contained in 
vital air. 


* Eſfay on Phlogiſton, p. 13—15. 
t „id. p. 25. and Philo. Trauf, Vol. 78. p. 314 
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Therefore oxids are compounds of com- 
buſtible bodies united to oxygen, and water. 

Another great objection to M. Lavoiſier's 
hypotheſis, is, that he ſuppoſes both oxyge- 
nation, and reduction, effected by a ſingle 
affinity. | 

Thus, according to him, when iron reduces 
a ſulphate of copper, the iron does nothing 
more, than ſeparate the oxygen from the cop- 
per, by its ſuperior attraction for that prin- 
ciple. 

F rom this view of combuſtion, grounded 
on the moſt accurate experiments in chymiſ- 
try, it is manifeſt, that the antiphlogiſtic 
hypotheſis does not account fully for the in- 
creaſe of weight, which bodies acquire du- 
ring combuſtion ; and conſequently, that it 
cannot be admitted as a juſt theory. 


CHAPTER I. 


REDUCTION or METALS 


HYDROGEN GAS. 


As Hydrogen, or the baſe of inflammable 
air, ſeems to act an important part in the 
following experiments, and 1s, according to 
ſome chymiſts, pure phlogiſton itſelf ; I have 
therefore aſſigned the firſt chapter in this 
eſſay to hydrogen gas, this being the moſt 
ſimple form, in which hydrogen has hitherto 
been obtained. 

But I had not the means of procuring this 
gas free of carbone, and other impurities, 
that it diſſolves and elevates during its for- 


mation; or of excluding atmoſpheric air, 


which circumſtances, I am ſenſible, muſt, 
in ſome meaſure, influence the reſult ; as it 


cannot be ſuppoſed, that theſe extraneous ** , 
bodies would remain inactive during the pro- 


ceſs of reduction. However, as ſuch exact- 
neſs. 


>» 
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nels is not in the power of every experimen- 
ter, I was under a neceſſity of uſing hydro- 
gen gas, with the diſadvantages here men- 
tioned. | 

Though moſt of the experiments in this 
eſſay were made on a variety of white and 
coloured ſilks, i ſhall relate only thoſe made 
on the former, as it exhibits the changes 
produced more diitinctly, and contains leſs 
foreign matter to modify the reſult of expe- 
riment ; and, for brevity's ſake, I ſhall uſe 
the term ile, by which white fi is always 
deſigned. 


Exp. 1. GOLD. 


I poured a quantity of ſulphuric ether on a 
ſolution of gold in nitro-muriatic acid, and, 
by this means, obtained a ſolution of gold in 
ether, which I ſeparated from the acid. 

In this ethereal ſolution of gold, I dipped 
a piece of filk, after it was taken out, and 
the ether evaporated, it was ſuſpended in a 
tall glaſs cylinder, placed over a veſſel, con- 
taming a mixture of diluted {ſulphuric acid, 
and iron filings. 


The filk thus expoſed to a rapid current 


of hydrogen gas acquired, after ſome time, 


a purple colour, and a large ſpangle of gold, 
of an irregular figure, appeared on the upper 


end of the ſilk, and looked very brilliant. 


The ſilk was kept expoſed to the gas about 


four months, and frequently obſerved, but no 


other 
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other remarkable change was perceived, except 
that the purple colour became more intenſe: 
the experiment was now diſcontinued ; and. 
on taking out the ſilk, and examining it in 
the light of the ſun, particles of reduced gold 
were obſerved ; but they were very ſmall, 
and by no means ſo brilliant, as that, which 
firſt appeared. 

During the experiment, freſh quantities of 
materials for ſupplying hydrogen gas were 
occaſionally added. | 

From the brilliant ſpangle of reduced gold 
obſerved in this experiment, I concluded, 
that there was a ſufficient quantity of the 
metal in the fibres of the filk, could it be 
reduced. fi 

This ſpot of reduced gold was very per- 
manent, and adhered firmly to the ſilk. 


Exy. 2. GoLD. 


In order to determine, whether a ſolution 
of gold in ether, or one in water, were beſt 
adapted to the object of theſe experiments; 
I evaporated to dryneſs a ſolution of gold in 
nitro-murtatic acid, and diſſolved the ſalt in 
diſtilled water: in this ſolution, I immerſed 
a piece of ſilk, which, after it was dried in 
the air, was ſuſpended in a glaſs cylinder, 
like the former piece, and expoſed to the 
action of hydrogen gas about two months. 

The ſilk after ſome time aſſumed a purple 


colour, and five or ſix ſpecks of reduced gold, 
. of 
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of the ſize of pin heads, and one much larger, 
were obſerved. Examining the filk in the 
ſun-beams, I perceived the whole of it ſpan- 
gled with minute particles of reduced gold. 

After many experiments with theſe two 
ſolutions of gold, I was led to conclude, that 
the ſolution in water anſwered beſt. 


Exp. 3. SILVER. 


Having diflolved ſome pure filver in dilut- 
Wo ed nitric acid, and evaporated ſome of the 
1000 water by a gentle heat, I placed it in the 
dark to cryſtallize. The cryſtals were ſe- 
144 parated from the ſolution, and diſſolved in 
167 0 diſtilled water; to one meaſure of this ſolu- 
i" tion, which was faturated with the nitrate of 
Ik ſilver, ten or twelve meaſures of diſtilled 
kit water were added. 

[it In this diluted ſolution, a piece of ſilk was » 
dipped; after it was taken out, it was dried 
1 at the fire: the ſilk dried in this manner, 
retained its white colour; whereas, were it 
dried gradually in the air; and eſpecially, 
were the light conſiderable, its white colour 
would be changed to a reddiſh brown, more 
or leſs intenſe, according to the quantity of 
light preſent. 
Some kinds of filk, on being immerſed in 

a ſolution of nitrate of filver, have ſome of 

their threads immediately coloured brown : 

but I often got white ſilk, which would re- 
tall 
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re- 
tain its pure white colour, if dried at the 
fire, or in the dark. 

The piece of ſilk dried, as above, was ſuſ- 
pended in the middle glaſs of Dr. Nooth's 
machine; and into the lower glaſs were in- 
troduced a diluted ſolution of ſulphuric acid, 
and ſome ſmall iron nails. 

The machine was now placed in a dark 
cloſet, to exclude the action of light; after 
ſome time, the ſilk, thus expoſed to hydro- 
gen gas, put on a light brown colour, which 
gradually became deeper, until it was chang- 
ed to a diſagreeable black, with ſome mixture 
of brown : then very ſmall particles of re- 
duced filver began to appear, which increaſed 
by degrees, in number, and brightneſs. 

The experiment was continued four 
months; aſter which time, the filk was 
taken out of the machine: it had a gray me- 
tallic appearance, intermixed with a conſide- 
rable tinge of brown. * 

This experiment was repeated on another 
piece of ſilk, every circumſtance being the 
ſame, except that a quantity of water was 
put in the middle glaſs of the machine, over 
which the filk was ſuſpended ; the intention 
of interpoſing the water in this experiment 
was to purify the gas. | 

The appearances were much the ſame, as 
in the laſt experiment ; except that the filk 

C became 
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became black ſooner; and that ſome ſpangles 
of the ſilver were larger, and better reduced. 
Ihe ſpecks of reduced ſilver were per- 
manent, and adhered firmly to the ſilk. 


Exp. 4. LEAD. 

In a ſolution of acetite of lead in diſtilled 
water I dipped a piece of filk, and dried it 
in the air; it was then ſuſpended over a quan- 

tity of water in Dr. Nooth's machine, and 
expoſed to,hydrogen gas about three months. 

The appearances were much the ſame as 
in the laſt experiment, except that the ſilk 
was not fo black: the particles of reduced 
lead reſembled ſilver. 

Similar experiments were made in this ma- 
chine on bits of ſilk imbued with a ſolution 
of nitro-muriate of gold in water ; but the 
appearances being much the fame as thoſe 
mentioned 1 in the firſt and ſecond experiments, 
it is unneceſſary to repeat them here. 

It is much eaſier to imagine, than exp reſs 
my anxiety, to diſcover the cauſe of the 1 
liant ſpecks of reduced gold and ſilver, with 
which the pieces of ſilk in theſe experiments 
were ſometimes ſpangled; concluding, that 
were the cauſe aſcertained, it would be a co 
ſiderable ſtep towards accompliſhing the ab- 
ject in view. 

But many and diverſified were the expe- 
riments I made before the circumſtance, on 
which theſe ſpangles depended, was per- 
ceived. 0 * 

t 
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At length, I found it depended on the pre- 
ſence of moiſture ; and that the ſpangles of 
reduced metal were owing to ſmall drops of 
water carried up by the elaſtic fluid, and de- 
poſited on the filk, 

The experiments, which led to this con- 
cluſion, ſhall be related in their proper places. 
] ſhall now procced to recite the remaiuder 
of the experiments in this eflay, conformable 
to the plan laid down in the preface, pre- 
miſing an occurrence obſerved in the courſe 
of them. 

1 ſometimes found, that the production of 


hydrogen gas from a mixture of acid, water, 


and iron nails, would unexpectedly flop, 
which induced me to add more acid; this not 


| ſucceeding, I added more water; but ſtill no 


gas was formed : the proportions of acid and 
water were varied without effect. Thinking 
the mixture of acid and water unfit for the 
purpoſe, I poured it off, and repeatedly 
waſhed and agitated the nails with more wa- 
ter, which was alſo poured off; but hap- 
pening inadvertently to add ſome of the mix- 
ture of acid and water, which I had before 


poured off as unfit for uſe, I was ſurpriſed 


to find the gas produced with great rapidity. 
Reflecting on the cauſe of this odd cir- 
cumſtance, I concluded that it depended on 
a cruſt of ſuperoxygenated iron, formed on 
the ſurface of the nails, which defended 
them from the action of the water and acid, 


and that this cruſt was removed by the agi- 


C 2 tation 
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tation and waſhing, which enabled the diluted 
acid to act again on the iron. 


Exe. 5. GOLD. 


I immerſed a bit of ſilk in a ſolution of 
nitro-muriate of gold in diſtilled water, and 
dried it in the air; it was then placed over a 
cylindrical glaſs veſſel, containing a mixture 
of diluted ſulphuric acid and iron nails, for 
about half an hour; but no reduction of the 
metal could be obſerved, 

I dipped another bit of filk in the ſame 
ſolution of gold, and expoſed it, while wet, 
to the ſame current of hydrogen gas, and 
inſtantly ſigns of reduction appeared; for the 
yellow colour, which the ſolution imparts to 
ſilk, began to change to a green, and ve 
ſoon a film of reduced gold glittered on the 
ſurface oppoſed to the gas : ſhortly after, a 
beautiful blue ſpot, fringed with orange and 
purple, was formed on the middle of the 
ſilk. During the experiment, which laſted 
about half an hour, the filk was kept con- 
ſtantly wet with diſtilled water, 

When experiments are made wath this pre- 
paration of gold, it is neceſſary to evaporate 
the ſolution to dryneſs, before the ſalt be diſ- 
ſolved in the water; as an exceſs of acid pre- 
vents the reduction in a great meaſure, So- 
lutions of gold in theſe experiments do not 
admit of being ſo largely diluted, as ſolutions 
of ſilver, and other metals do. 5 

XP, 
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Exp. 6. SILVER. 


I immerſed a piece of filk in a ſolution of 
nitrate of ſilver, and dried it in a dark place; 
it was then expoſed to a current of rl ral 
gas about twenty minutes; but no reduced ſil- 
ver appeared, the only change obſervable was 
a brown ſtain. 

I immerſed another bit of the-ſame ſilk in 
the ſame ſolution of ſilver, and having ex- 
poſed it, while wet, to a ſtream of hydrogen 
gas, I ſoon obſerved evident ſigns of reduc- 
tion; the white colour of the filk was 
changed to a brown, which became gra- 
dually more intenſe ; and the ſurface of the 
ſilk, oppoſed to the gas, was coated with 
reduced filver : various colours, as blue, 
purple, red, orange, and yellow, attended 
the reduction. Theſe colours often change, 
and are ſucceeded by others in the progreſs 
of the reduction. The threads of the ſilk 
look like filver wire, tarniſhed in ſome parts, 
but of great luſtre in others. 

The filk was kept wet with diſtilled water 
during the experiment. When the filk hap- 
pened to be too much wetted, the under ſur- 
face oppoſed to the gas was often covered 
with ſcales of a dull blue colour : theſe, after 
the filk dries, may be bruſhed off, and an- 
other coat of reduced filver, which adheres 
firmly, but has no conſiderable brightnels, 
is left behind. 

C 3 Theſe 
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Theſe experiments on the reduction of 
gold, and filver, were often repeated with 


nearly the ſame reſult, 


Exe. 7. SILVER. 


Thinking ſome other preparation of filver 
might anſwer better than a nitrate, I 

pitated ſome of the latter with a ſolution of 
muriate of ſoda, and poured the whole on a 
filter; the precipitate was well wathed with 
diſtilled water, and diftolved in ammonia, 
In this ſolution I immerſed a piece ot filk, 
and dried it in the air; and having cxpoſed 
it to the action of hydrogen gas, I could per- 
ceive no ſigus of reduction, except a faint 
brown colour. 

I dipped another bit of filk in the fame 
ſolution of ſilver, and in order to determine 
if water had the power of promoting the 

reduction of the ſilver in this preparation, as 
it had in the former experiments, I expoſed 
the filk, while wet, to the ſame current of 
hydrogen gas; and ina few ſeconds the me- 
rallic fuſtre was evident on the ſurface op- 
ſed to the current. After ſome little time, 
a blue ſpeck and a faint trace of yellow ap- 
peared, but ſoon vaniſhed. 

This preparation of ſilver does not ſtain 
white ſilk 10 much as a nitrate does; the re- 
duced ſilver was indeed very brilliant, but 
ſoon grew dull, and diſappeared; a brown 


ſtain only remaining; ſo that it ſeems rather 
inferior 
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inferior to nitrate of ſilver, which alſo, after 
reduction, tarniſhes, grows dull, and often 
diſappears ; but ſometimes part of it remains 
permanently reduced, 


. Exe. 8. PlATIN A. 

With much difficulty I procured à ſmall 
quantity of the ore of platina, and diſſolved 
it in nitro-muriatic acid. The ſolution was 
evaporated to dryneſs, and the ſalt was then 
diflolved in diſtilled water. 1 

A bit of ſilk was dipped in part of this 
ſolution, and dried in the air; it was then 
expoſed to a briſk current of hydrogen gas 
about twenty minutes, but no ſigns of re- 
duction appeared, _ . 

Another bit of ſilk was immerſed in the 
ſolution of platina, and expoſed, while wet, 
to the ſame current of hydrogen gas; in five 
or ſix minutes the platina was reduced, ex- 
hibiting a livid white metallic appearance on 
the ſurface of the ſilk vppoſed to the current. 
No colours attended the reduction. This ſo- 
— imparts a yellowiſh brown colour to 
ilk. 

After ſome time, the whole of the metal - 
lic luſtre diſappeared, in proportion as the 
ſilk became dry. 

The ſolution of platina requires more 
time, and a ſtronger current of hydrogen 
gas for its reduction, than ſolutions of ſilver 
and gold do. 


8 Exp. 
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Exp. 9. MERCURY. 


I immerſed a bit of filk in a ſolution of 
oxygenated muriate of mercury in diſtilled 
water, and dried it in the air: it was then 
expoſed to a ſtream of hydrogen gas; but 
underwent no viſible change. 

I dipped another bit of ſilk in the ſame 
ſolution of mercury, and expoſed it, while 
wet, to the ſame current of gas; the metal 
was ſoon reduced in a beautiful manner, and 
reſembled filyer. | 

The reduction began ſuddenly, with fcarce 
any appearance of previous ſtain ; ſome very 
faint, but at the ſame time tranſparcut co- 
lours attended it : the moſt remarkable of 
theſe were a light orange, with a fringe of, 
blue, and a yellow verging on a faint green. 
Theſe colours ſoon diſappeared. 

After the ſilk was turned, I obſerved, that 
its texture was, in ſome parts, concealed by 
a thin film, which, as the reduction pro- 
ceeded, was perceived to dart along the 
threads of the ſilk, gilding them in a beau- 
tiful manner, and exhibiting the texture very 
diſtinctly. 

After ſome time, the mercury ſeemed to 
diſappear, ſo as to render it doubtful whether 
any of it remained in the ſilk; but ſhaking 
it in the ſunbeams, I perceived bright atoms 
fly off; and rubbing the ſilk on a bit of blue 
paper, I obſerved ſhining metallic particles, 

| whih 
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which ſeemed to have loſt their affinity of 
aggregation, for they did not unite. 

One remarkable difference between this 
preparation of mercury aud nitrate of filver, 
is, that no black or brown ſtain preceded, 
attended, or followed, the reduction of the 
mercury, 1 355 8 

Mr. Scheele reduced a pruſſiate of mercury, 
diſſolved in water, by adding iron filings aud 
a ſmall quantity of ſulphuric acid to the 
ſolution *. 75 „ A 


Exp. 10. CoppER. 


A piece of filk was immerſed in a ſolution 
of ſulphate of copper, then taken out, and 
dried, and expoſed for a conſiderable time to 
a briſk current of hydrogen gas; but no 
ſigns of reduction could be perceived. 

Another bit of ſilk was dipped in the ſame 
ſolution of copper, and expoled, while wet, 
to the ſame rapid current of hydrogen gas; 
the appearances were the following. 

After a minute, or two, the filk aſſumed 
a faint brown colour, and, on the ſurface op- 
poſed to the gas, a white metallic pellicle ap- 
peared, which vaniſhed in proportion as the 
ilk became dry: wetting the ſilk again, I 
perceived a ſimilar . appear, which 
alſo vaniſhed, as ſoon as the filk dried. If 
the filk be kept conſtantly wet, the brown 


Scheele, p. 162, French tranſlation. 
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colour becomes much more intenſe, attended 
with a very ſlight tinge of red. The mar- 
gins of the ſilk projecting beyond the verge 
of the glaſs cylinder, and therefore not ex- 

poſed to the current of the gas, retained the 
blue colour, which the ſolution imparts. 

In ſome of theſe white metallic pellicles 
there appeared a faint brown inclining to yel- 
low, which reflected the light, though ob- 
ſcurely. | 

After the filk dried, nothing remained, but 
a brown ſtain. 


ExP. 11. LEaD. 


A piece of ſilk was immerſed in a ſolution 
of acetite of lead in diſtilled water ; it was 
| then dried, and expoſed for ſome time to a 
(1 ' ſtream of hydrogen gas; but underwent no 
I HORN perceptible change. 
4l | 1 Another bit of filk was dipped in the ſame 
| ſolution of lead, and expoſed, while wet, to' 
the ſame current of hydrogen gas; in a ſe- 
cond, or two, the ſurface of the filk, op- 
ſed to the current, was coated with re- 
duced lead, which looked like filver. 

The reduction was accompanied with a 
brown ſtain, but by no means ſo intenſe as 
that, which attends the reduction of nitrate 
of ſilver. | 

The other ſide of the filk was oppoſed to 
the current of hydrogen gas, and ſoon ac- 
quired a metallic coat of the fame brilliant 
appearance; 
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appearance, exhibiting. the texture of the 
filk, in a very ſtriking manner. 

It is remarkable, that lead exhibits no co- 
lour, but a light brown, during its reduction; 
whereas gold, ſilver, and mercury, diſplay 
a great variety of colours, eſpecially the two 
former. 

After ſome time the lead reduced in this 
manner loſes its metallic ſplendour cons 
ſiderably; and that in NR as the ſil 
dries. 


Exp. 12. TiN. 


I diffolved ſome cryſtals: of mutiate of tin 
in diitilled water; dipped a bit of ſilk in 
the ſolution; and dried it in the air: it was 
then expoled to a ſtream of hydrogen gas a 
conſiderable time; but no change, or appear- 
ance of reduction: could be obſerved. 

Another bit of filk was immerſed in the 
ſame ſolution of tin, and expoſed, while wet, 
to the ſame current of gas; after ſome little 
time, the reduction commenced, attended 
with a great variety of beautiful colours; as 
red, yellow, orange, green, and bebe Va- 
riouſly intermixed. 

The reduced tin diſappears along with theſe 
colours, as the ſilk dries; nothing remaining 
but a feuille-morte colour. 

The fame ſolution of tin was alſo reduced 
by hydrogen gas, obtained from tin, and the 
muriatic acid, 

Theſe 
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Theſe experiments do not ſucceed well 
with muriate of tin containing an exceſs of 


acid. t. 


s 13. ARSENIC. 


A muriate of arſenic, which was prepared 
by digeſting white oxid of arſenic in mu- 
riatic acid, and continuing the heat, till moſt 
of the acid evaporated, and left behind a ſoft 
maſs of the conſiſtence of tar, was diſſolved 
in diſtilled water. 

In this ſolution a bit of filk was immerſed, 
and dried in the air : it was expoſed toa briſk 
ſtream of hydrogen gas, obtained from zinc, 
and muriatic acid; but no reduction took 
place. 

Another bit of ſilk was dipped in the ſame 
ſolution, and expoſed, while wet, to the 
{ame current of hydrogen gas; and inſtantly, 
the ſurface of the filk, oppoſed to the gas, 
was covered with a bright coat of reduced 
arſenic, accompanied with a yellow ſtain. 
In a ſhort time the metallic luſfre vaniſhed ; 
and nothing remained but the yellow ſtain. 
M. Pelletier reſtored the acid of arſenic to 
its metallic ſtate, by paſſing hygrogen gas 
through a ſolution of that acid, in twice its 
weight of water *, 


* Roz. Journ. Feb. 1782. 
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ExP?.-14 BIiSMUTH. 


A bit of filk, which was immerſed in a 
ſolution of nitrate of biſmuth in diſtilled 
water, and expoſed dry to hydrogen gas, ob- 
tained from zinc, and muriatic acid, under- 
went no viſible change. TY 

Another bit of ſilk was dipped in the ſame 
ſolution of biſmuth, and placed over a lan- 
guid ſtream of hydrogen gas ; the biſmuth 
was ſoon reſtored to its metallic form, on the 
ſurface of the ſilk oppoſed to the elaſtic fluid. 
The reduction was attended with a reddiſh 
brown ſtain, intermixed with a tinge of 
violet, 


Exe. 13. ANTIMONY. 


A bit of ſilk was immerſed in a ſolution of 
tartarite of antimony in diſtilled water; and 
dried in the air. It was then expoſed to hy- 
drogen gas, obtained from zinc, and muria- 
tic acid ; but ſuffered no viſible alteration. 
Another bit of filk, which was dipped in 
the ſame ſolution of antimony, was expoſed 
wet to a weak ſtream of the gas; and, in a 
ſhort time, the metallic luftre appeared, ac- 
companied by a light yellow colour. 


Exp. 16. IRON. 


A bit of ſilk, which was immerſed in a 
largely diluted ſolution of ſulphate of iron, 
and dried in the air, was expoſed to a ſtrong 
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current of hydrogen gas, obtained from iron 
nails, and diluted ſulphuric acid; but no vi- 
ſible change was * on * ſilk. 
Another bit of ſilk was dipped in the ſame 
ſolution ,of iron, and placed wet over the 
fame ſtream of hydrogen gas; but no redu- 
ced iron could be perceived. The ſilk was 
then immerſed in a glaſs of clear water, and 
transferred a very minute metallic film to 


the ſurface of that fluid. 


This ,experiment was repeated with a ra- 
pid current of hydrogen gas, obtained from 


zinc, and muriatic acid; and, in about a mi- 


nute, ſmall films of reduced iron were vi- 
ſible on the ſurface of the ſilk, oppoſed to 
the gas. 

The ſilk was then immerged in water, 
and transferred to its ſurface a large metallic 
pellicle; parts of which were very brilliant; 
but other parts were dull, and much more 
imperfectly reduced. 


Exe. 17. ZINC. 
A bit of filk, which was dipped in a mu- 


riate of zinc, largely diluted with water, and 


dried in the air, was expoſed to a rapid cur- 
rent of hydrogen gas, obtained from Zinc, 
and muriatic acid; but ſuffered no viſible 
alteration. 

Another piece of ſilk was immerſed in the 


ſame ſolutiop of zinc, and expoſed, while 
wet, 
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wet, to the ſame rapid current of hydrogen 
gas: in about half a minute, the metal was 
reduced in a very evident manner, on part 
of the filk. The ſilk was then dipped in 
a glaſs of clear water, and transferred a bright 
metallic film to its ſurface, 

As theſe reductions of iron, and zinc, by 
hydrogen, are contrary to M. Lavoiſier's 
table of the affivities of the oxygenous prin- 
ciple; I began to ſuſpect, that the films, 
which were ſo evident, both on the ſilk, and 
the water, might be abraded, or torn from 
the zinc, by the muriatic acid; and elevated, 
and depoſited on the ſilk by the gas. 

In order to remove this doubt, I dipped a 
bit of the ſame ſilk in diſtilled water; and 
expoſed it, while wet, to the ſame current of 
hydrogen gas, but nothing metallic could be 
ſeen on the ſilk; nor did it when immerſed 
in water transfer a film, or the ſmalleſt a 
pearance of a metal, to the ſurface of that 
fluid: and, therefore, there can be no doubt 
of the reality of theſe reductions. 

Dr. Prieſtley reſtored iron, and lead, to 
their metallic ſtate, by heating their oxids 
with a burning glaſs in hydrogen gas. 

Theſe experiments point out an error in 
M. Bergman's table of elective attractions in 
the humid way; for he aſſigned the laſt place 
in that table to phlogiſton, which he conſi- 
dered as the baſe of inflammable air; becauſe 
he was unacquainted with any metallic re- 
ductions 
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ductions effected by hydrogen in the humid 
way *. „ 

Having found, that water promoted, and 
accelerated, theſe reductions in a very re- 
markable manner; I was curious to know, 
if alcohol, and ether, would produce the 
ſame effect. With this view, I evaporated a 
ſolution of gold in nitro-muriatic acid to 
dryneſs; when the veſſel cooled, ſome al- 
cohol was poured on to diſſolve the falt 
and immediately the veſſel containing the 
ſalt, became ſo hot, that it could be ſcarcely 
endured by the hand; and diffuſed a fragrant 
ſmell, like that of ether, which, no doubt, 
was a ſpecies of that fluid. 


Exp. 18. GoLD. 


In this ſolution of gold in alcohol, a bit of 
ſilk was dipped, and expoſed to a ſtream of 
hydrogen gas, obtained from diluted ſulphu- 
ric acid, and iron nails; and kept wet with 
alcohol: in about two minutes, the ſilk be- 
gan to aſſume a brown colour, and white 
metallic films appeared on ſome parts of the 
ſurface oppoſed to the gas; ſome of theſe 
diſappeared in a ſhort time; and were ſuc- 
ceeded by a few very ſmall ſpangles of the 
proper colour of gold. Theſe alſo ſoon va- 
niſhed ; and nothing remained but a diſgree- 


Eledtive Attractions, Engliſh Tranſlation, p. 87. 
able 
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able brown ſtain, intermixed with ſpecks of 
a dull blue. - 

1 ſometimes found, on repeating this ex- 
periment, that no yellow films or ſpangles 
appeated ; and am perſuaded, that their ap- 
pearance, and that of the white pellicles alſo, 
depends on the preſence of water, contained 


in the alcohol, or the gas, and depoſited on 
the ſilk. 


Exe. 19. Gor». 


A bit of ſilk was immerſed in a ſolution of 
gold in ether, and expoſed to a ſtream of hy- 
drogen gas, and kept wet with ether. The 
{ilk underwent no alteration for a few mi- 
nutes ; at length, it began to aſſume a faint 
brown colour, but no white, or yellow films 
appeared, | 

If this experiment be continued till the 
ſilks collects a ſufficient quantity of water 
from the gas, ſome films will appear. 


Exp. 20. SILVER. 


I procured ſome nitrate of ſilver, which 
had been fuſed in order to expell as much of 
its water as poſſible ; and diffolved it in al- 
cohol. I immerſed a bit of filk in this ſolu- 
tion, and expoſed it to a ſtream of hydrogen 
gas, and kept it wet with alcohol : in a few 
ſeconds, the filk- aſſumed a brown colour, 
which gradually became more intenſe : but 


no reduced ſilver appeared for ſeveral mi- 
D nutes; 
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nutes ; at length, a few metallic films 12 
peared on part of the ſurface oppoſed to the 


gas. 


Exp. 21. MERCURY, 


A bit of filk was dipped in a ſolution of 
oxygenated muriate of mercury, and dried; 
it was then expoſed to hydrogen gas about 
ten or fifteen minutes, aud kept conſtantly 
wet with alcohol. The ſilk, during the firſt 
minutes, ſuffered no perceptible alteration : 


at length, a few ſmall films were viſible on 


the ſide of the filk oppaſed to the current, 


ExP. 22. LEAD. 
A bit of filk, which was immerſed in a fo- 


lution of acetire of lead, and dried, was ex- 
poſed about fifteen minutes to a ſtream of the 
gas; and kept conſtantly wet with alcohol; 
but ſuffered no viſible change; except that 
a very minute film was reduced on one of its 
margins, which did not project beyond the 
verge of the glaſs veſſel on which it was 
placed. 

When we compare theſe experiments with 
thoſe, in which water was uſed, to wet the 
ſilk, 'tis evident, that alcohol, and ether, 
do not promote the reduction of- metals, as 
water does; and that the few films, which 
appear, when the ſilk is kept wet with ether 
or alcohol, depend entirely on water collect- 


ed from the gas, or depofited by them on 


the alt during their n. 
In 
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In order to compare the effects of hydro- 


gen gas, obtained from water, iron nails, 
and muriatic acid, with that, procured from 
the ſame materials, by means of the ſulphu- 
ric; I made ſome experiments on gold, fil- 
ver, mercury, and lead, in the fame manner, 
as the preceding: and the principal difference 
was, that the colours produced in all the 
pieces of ſilk, except that, which was dipped 
in acetite of lead, were much brighter, and 
more beautiful, than any produced, when 
the ſulphuric acid was uſed. 

The reduction of the lead was accompanied 
with its uſual brown colour. | 

On the upper ſurface of a bit of filk, which 
was dipped in a ſolution of gold, a green 
colour inftantly appeared ; and foon changed 
to a deep olive, in proportion as the reduction 
advanced : now examining the under ſurface, 
I faw it coated with a bright film of reduced 
gold, in the middle of which a blue ſpangle, 
mixed with purple, ſoon began to appear: 1 
then moiſtened the upper ſurface of the filk 
with water; and in a few ſeconds, it alſo 
was coated with reduced gold, 

The blue on the other fide of the filk be- 
came much more intenſe: the piece was 
now turned; and on each colour I let fall a 
drop of water: the drop on the blue had a 
blue film, the drop on the purple, had a 
purple film, and the drop on the yellow, a 
film of reduced gold, * _ 

After ſome time, rhefe drops of water eva- 

| D 2 porated, 
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porated, and the films came again in contact 
with the filk : ſome parts of which were 


left bare, as generally happens, when too 


much water 1s applied. 

On the under ſurface of a bit of filk, 
which was immerſed in a ſolution of nitrate 
of ſilver in water, a coat of reduced metal 
was formed, with various colours, as green, 
blue, orange, and yellow, the beauty and 
brightneſs of which were remarkable. 

In ſome time a muriate of ſilver is formed 
in the fibres of the ſilk, which on expoſure 
to light becomes of a bluiſh black colour: 
but the whole of the ſilver does not underga 
this change; for part of it remains in its 
metallic ſtate, The colours remain a conſi- 
derable time, if the ſilk be removed from the 
gas before this muriate is formed. 


Hence it appears, that hydrogen gas ſhould 


not be prepared with an acid, which forms 
an inſoluble compound with the metal to be 
reduced. : h | th | 1 
I alſo found, that hydrogen gas produces 
different effects not only according to the 
difference of the acid, but alſo according to 
the difference of the metal employed to ob- 
tain it: for this gas procured from zinc or 
tin, àud muriatic acid, did not reſtore gold 
to its proper metallic luſtre ;, but Rt on 
the ſilk, a white metalline coat like ſilver. 
The experiments related in this chapter 
indicate the following concluſions. = TY 
1. Hydrogen is capable of reducing the 
| metals 


5 
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metals in the ordinary temperature of the 
atmoſphere. | 

2. Water promotes, and accelerates, theſe 
reduCtions, in a very remarkable manner. 

. Ether, and alcohol, do not promote 

theſe reductions, without the aid of water. 

4+ A variety of colours accompanies theſe 
reductions, ſimilar to what appears, during 
the calcination of metals by heat and air; 
and depends on the ſame cauſe : viz. the 
quantity of oxygen combined with the metal. 

Theſe colours have not been obſerved hi- 
therto ; nor indeed could they; as the me- 
tals were reduced in cloſe veſſels, and in high 
degrees of heat, 

5: Theſe reductions often diſappear. 


his 1s commonly owing to an imperfect, 


and partial reduction of the metal: for the 


acid, and water, remaining in that part of 
the metallic ſolution, not reduced, recalcines 
theſe delicate films: ſometimes the diſap- 

pearance of the metallic Huſtre depends on 

the nature of the metal itſelf :- thus arſenic, 

lead, filver, &c., ſuffer ſome degree of cal- 

cination by water and atmoſpheric air. 

Meſſrs. Bergman and Keir relate inſtances, 
in which filver after being precipitated in 
its metallic ſtate, was recalcined, and dif- 
appeared. 

I firſt imagined, that water promoted theſe 
reductions by minutely dividing the particles 
of the metallic ſalt, and by condenſing the 
gas, and bringing its hydrogen, and the me- 
D 3 tallic 


— = - — 
2 ST 
* —— 


- 
— 
— 


== 
© —_— = — — " „ 
reer — 


an... Reductions by 


tallic oxid, within the ſphere of attraction; 
the hydrogen either uniting to the metallic 
earth and reducing it, as the Phlogiſtians 
ſuppoſe ; or uniting with, and ſeparating the 
oxygen of the metal, and thus reſtoring it to 
the metallic form, as the Antiphlogiſtians 
maintain. 

But it is evident from the experiments re- 
lated, that water does not promote theſe re- 
ductions ſolely, by minutely dividing the 
particles of the metallic falt: for were this 
the caſe; ether, and alcohol, ſnould promote 
the reduction of the metallic ſalts, which 


they diflolve, ſince they divide their particles, 


as minutely as water can. 

Since then metallic ſolutions in ether, and 
alcohol, cannot be reduced by hydrogen gas; 
it follows that the above ſuppoſition concern- 
ing the mode of agency of water does not ac- 
count for rhe reduction of metals in this way. 

And indeed were it true that hydrogen con-. 
denſed by water reduced metals in the man- 
ner above mentioned, it would follow, that 
the reduction was effected by a ſinglc affinity, 
which cannot be admitted; iſt.qbecauſe the 
exiſtence of a ſingle affinity in ſuch cates has 
not been proved ; 2dly, becauſe a double af- 
finity always takes place in preference to a 
ſingle affinity, which is demonſtrated by the 
following facts, tranſcribed from the works 
of Mr. Kirwan, 

If a ſolution of filver in the nitrous acid 
be thrown into a mixed ſolution of fixed 

Py | « alkali 
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& alkali and common ſalt, the ſilver will be 
s precipitated by the marine acid of the 
% common ſalt, and not by the free alkali, 
* contained in the liquor: for a luna cornea 
« is found *.“ | 

J repeated the experiment with a ſolu- 
& tion of lead, and alſo of mercury in the 
% nitrous acid, and the reſult was fimilar : 
horn lead and marine ſalt of mercury were 
4 formed +.” BY: 

In theſe experiments of Meſſrs. Monnet 
and Kirwan, *tis evident that a double affinity 
takes place in preference to a ſingle one: for 
the nitrous acid of theſe difterent nitrates 
unites with the alkah of the common ſalt, 
while the muriatic acid of the latter ſeizes 
the ſilver, mercury, and lead, of the nitrates, 
and forms muriates of ſilver, mercury, and 
lead: the free alkali remaining paſſive in the 
mixture. | 

M. Lavoiſier ſays, ** There exiſts only in 
& nature, as far as we can obſerve them, 
& caſes of double affinity, often triple, and 
* others perhaps ſtill more complicated |.” 

Now as water does not promote theſe re- 
ductions merely by diflolving, and minutely 
dividing, the particles of the metallic falts, 
and condenſing the hydrogen gas; and fince 
a double affinity takes place in preference to 


M. Monnet Diſſolution de Metaux, p. 159. 
+ Phil. Tranſ. Vol. 73. An. 1763. 
+ Eſſay on Phlogiſton, a new Edit, by M. Kirwan, 
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a ſingle affinity; it is obvious that the water 
muſt be decompoſed in theſe reductions in the 
following manner. 

The hydrogen of the gas unites to the oxy- 
gen of the water, while the hydrogen of the 
latter unites 1n its naſcent ſtate to the oxygen 
of the metal, reduces it, and forms water. 
Thus what could never be effected by a 
ſingle, is readily performed by a double 
affinity. | 

Hence it follows, that the hydrogen of the 
gas is oxygenated by thc oxygen of the wa- 
ter, while the metal 1s, at the ſame time, 
reſtored to its combuſtible ſtate. It alſo fol- 
lows, that the quantity of water formed is 
double that decompoſed. 


Phoſbhorus. 


CHAPTER II. 


Reduction of Metals by Phoſphorus. 


Tre next ſubſtance, of whoſe effects in 
reducing metais in the fibres of filk, I ſhall 
treat, is Phoſphorus, one of the moſt inflam- 
mable ſubſtances, we are acquainted with. 

I was for ſome time at a loſs, how to ap- 
ply it to this purpoſe ; but learning from a 
note of Mr. Lewis, that it 1s ſoluble in 
ether; I diflolved a ſmall quantity of it in 
that fluid, which can be eaſily effected, if 
the ether be good. The ſolution is con- 
ſiderably promoted by a gentle heat, as that 
of the hand, and may be made in a ſmall 
phial, which ſhould be nearly filled with the 
ether, and accurately corked : a common 
cork 1s preferable, for this purpoſe, to a glaſs 
ſtopper ; and a ſingle grain of phoſphorus is 
ſufficient for a great number of experiments. 

I ſometimes applied a much greater degree 
of heat than the above, by placing the vial 
in hot ſand, preſſing on the cork at the 
ſame time with my finger, to prevent its 
being forced out by the expanſion of the 
ether, part of which is converted into an 
elaſtic fluid, and holds ſome phoſphorus in 
{olution : the ether ſoon begins to boil ; the 
| bi; ; phoſphorus 
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hoſphorus melts; and a ſtrong ſolution is 
obtained in a few minutes by ſhaking the 
phial. If the folution be removed to a cool 
place, it frequently depoſits cryſtals. t 

This manner of preparing the ſolution is 
attended with ſome danger ; for ſhould the 
phial burſt, or the cork be extruded, the 
contents will be thrown out with conſiderable 
force, and that part of the photphorus not 
diflolved by the ether burn with great vio- 
lence. 

The only objection to this preparation of 
phoſphorus is the ether, which muſt neceſ- 
| larily modify the reſult, and prevent that 
ſimplicity ſo deſirable in experiment. 

But, after ſome obſervation, it was per- 
ceived, that the ether flies off, and leaves the 
phoſphorus pure, and minutely divided in 
the fibres of the filk: the ether, from its 
great volatility, firſt evaporates, and, at the 
tame time, produces a very conſiderable de- 
gree of cold, which effectually prevents the 
evaporation, and combuſtion, of the phoſ- 
phorus. 

After the ether evaporates; the cold ceaſes, 
and the combuſtion of the phoſphorus com- 
mences, attended with white fumes, which 
continue till the whole is conſumed, if no 
other power intervene. 

Hence it is evident, that this preparation 
of phoſphorus has a ſimplicity, and elegance, 
not always to be obtained. 


It has alſo another great advantage in ex- 
periments 
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periments of this kind; for it does not 
change, in the ſmalleſt 12 the white 
colour of (ilk, during its flow combuſtion, 
which is not attended with heat ſufficient to 
affect the moſt delicate colour. This pro- 
perty of not affecting the colour of the (ilk 
renders obſervation, and experiment, more 


accurate; as Whatever change ſupervenes, 


mult depend either on the metallic ſolution 
itſelf, or on the action of the phoſphorus on 
the ſame. But this advantage 1s confined to 
a certain range of the thermometer; for if 
the heat be increaſed to about 869 of Fah- 
renheit, and the filk be dry, the phoſphorus 
is apt to ſet fire to it. 


Exp. 1. GoLD. 


IJ ͤimmerſed a bit of filk in a ſolution of 
gold in ether, and after the ether evaporated, 
dropped on it ſome of the ſolution of phoſ- 
phorus, which diffuſed itſelf through the 
filk, like a drop of oil, and formed a circum- 
{cribed ſpot, whoſe limits, as the ether eva- 
porated, aſſumed a brown colour, which ſoon 
diffuſed itſelf equally over every part, to 
which the ſolution of phoſphorus was ap- 
plied ; but the parts of the filk, to which 
the latter did not reach, retained the yellow 
colour, which the folution of gold gave 
them. 

The ſilk viewed by tranſmitted light pre- 
ſented the ſame colours, except that the li- 
| | mits 
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mits of the brown appeared more intenſe, 
and ſeemed to border on a faint purple. 

Examining the 61k next day, I found, that 
the whole of the brown ſtain acquired a faint 
ſhade of purple, which was moſt evident on 
the margins of the ſtain. 


Exp. 2. GOLD, 


l dipped a bit of ilk in the ſolution of gold 
in ether, and after it was well dried, half of 
it was wetted with diſtilled water ; the other 
half remaining dry: the ſolution of phoſ- 
phorus was applied to both the moiſt and dry 
parts of the ſilk: inſtantly the part wetted 
with the water began to acquire a purple co- 
lour; and, ſoon after, the metallic ſplendour 
of the gold appeared ; but that part, which 
was kept dry, acquired only a brown ſtain, 
ſimilar to that deſcribed in the preceding ex- 
periment. 

I repeated theſe experiments many times, 
and always found, that the gold was reduced 
only in proportion to the water applied, 

Finding water promoted the reduction of 
gold by phoſphorus, I began to form various 
conjectures about its mode of action: I firſt 
ſuppoſed, it acted by holding the particles of 
the ſalt minutely divided, thus diminiſhing 
their attraction of coheſion, and conſequently 
Increaſing their chymical attraction. | 

The truth of this ſuppoſition might, I 
thought, be decided by uſing ether, and al- 

£8] cohol, 
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cohol, inſtead. of water, to wet the filk, 


avoiding aqueous moiſture, as much as pos 
ſible; accordingly, I made the following ex- 
periments, which were frequently repeated 
with nearly the ſame reſult. 


Exp. 3. GOLD. 


A piece of ſilk was immerſed in the ſolu- 
tion of phoſphorus; as ſoon as the ether eva- 
porated, and the phoſphorus began to fume, 
an ethereal ſolution of gold was dropped on 
the ſilk, which immediately got a brown 
colour ; che piece was kept conſtantly wet 
with ether; in ſome time a purple tinge ap- 
peared on parts of the ſilk; and, ſhortly after, 
ſmall films of reduced gold appeared: the 
ſilk was now remarkably wet, and ſeemed 
to have a great power of collecting water; 
this, I ſuppoſed, was partly attracted from 
the air by the ſalt, and phoſphorous acid 
formed during the combuſtion, which has a 
powerful attraction for water; and partly de- 
polited in the fi]k by the ether during its 
evaporation. 

In order to determine if the ether during its 
evaporation depoſited water in the filk, I kept 
a bit of ſilk wet with ether for a few minutes, 
and found, that, after the evaporation ceaſed, 
the filk was moiſt: but this humidity was 
not ſo great, as that obſerved in the filk, to 
which the ethereal ſolutions of phoſphorus, 
and gold, were applied. 


Another 
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Another bit of filk was dipped in the 
ethereal ſolution of gold, and after the ether 
evaporated, the ſolution of phoſphorus was 
applied : a brown colour was produced”; the 
filk was kept wet-with ether, and, in a ſhort 
time, a purple tinge appeared on parts of it; 
but chiefly at the margin of the ſtain, which 
gradually diffuſed itſelf over the whole. 

The only difference between this and the 
preceding experiment on gold is the order, in 
which the ſolution of gold, and phoſphorus, 
were applied :o the filk ; but there is a con- 
ſiderable difference in the reſult ; for in this 
the brown and purple colours were formed 
much more flowly, and no particles, of re- 
duced gold appeared till after a much agg 
time. 


Exr. 4. Gol p. 


A piece of Eik was immerſed. in the ſolu- 
tion of phoſphorus, and when the white 
fumes began to rife, a ſolution of gold in al- 
cohol was applied to tlie filk, which was 
kept wet with alcohol ; a brown tinge, which 
| ſoon changed to a purple, appeared on dif- 
ferent parts; and, in a little time after, a 
very {mall film of reduced gold was viſible on 
a part of the margin. 

In another experiment, conducted in the 
ſame manner, the reduction was more evi- 
dent. 

The ſolution of gold uſed in this Expe- 


riment 


riment was very rich; and had a great at- 
traction for water; for bits of ſilk tinged 
with it, could not be dried without difficulty ; 
and after they were removed to a cool place, 
they yery foon became moiſt again, This is 
more or leſs the caſe with ſolutions of gold 
in general, | 


Exp. 5. GoLD. 


A bit of ſilk was dipped in a ſolution of 
gold in alcohol, and dried; then fome of the 
ſolution of phoſphorus was poured on the 
filk ; a brown, and then a purple colour, ap- 
peared; and in ſome parts a {mall portion of 
the gold was reduced: the reduction was 
very obſcure; but became gradually more 
evident, in proportion as it attracted water 
from the air. The filk was occafionally wet- 
ted with alcohol. | 

This experiment was repeated, with this 
difference, that the filk was not kept wet 
with alcohol ; and no reduced gold could be 
perceived. | 


ExÞ. 6. Gord. 


In order to exclude water more effectually, 

a fmall,phial was carefully dried by placing 
it in hot ſand, and then corked, to prevent 
the acceſs of moiſture from the air; when 
the phial cooled, it was nearly filled with 
ether, and a ſmall bit of phoſphorus drop- 
ped into it; it was then corked, and replaced 
on 
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on the hot fand ; the phoſphorus ſoon melt- 
ed, and a ſtrong ſolution was obtained by 
ſhaking the phial. 

Into this ſolution a ſmall bit of ſilk, which 
was dipped in a rich ſolution of gold, and 
carefully dried, was introduced : the filk im- 
mediately got a brown tinge; but not a par- 
ticle of reduced gold could be perceived. 
The ſolution iii a ſhort time became turbid, 
and depofited a brown powder. The colour 
of theprecipitate was exactly the ſame, as that 
which the filk acquired. The experiment 
was continued about three months, and care- 
fully obſerved ; but no other chang e could be 
perceived: at che end of this time the ſilk 
was taken out of the phial; and the ſolution 
of phoſphorus was found capable of reducing 
= — ſilver by the aid of water. 


Exp. 7. Gol o. 


In order to contraſt the effects of water 
with thoſe of ether, and alcohol, more fully, 
a piece of filk was immerſed in a ſolution of 
nitro-muriate of gold in water, and dried in 
the air about twelve hours; during which 
time the yellow tinge, the ſolution of gold 

ve the ſilk, remained unchanged : the ſo- 
far ion of phoſphorus was then applied; a 
brown ſtain appeared; the ether ſoon eva- 
porated; the phoſphorus began to fume; and 
the ſilk acquired a purple colour; but not a 


particle of reduced gold could be perceived. 
The 
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The purple tinge in this bit of ſilk was 
much more intenſe, and more equal, than 


in the pieces, in which ether and alcohol were 
uſcd, $ 


Exp. 8. GorLD. 


I dipped a piece of ſilk in the ſolution of 
phoſphorus, when the ether evaporated, 
and the phoſphorus began to fume, a ſolu- 
tion of gold in water was applied ; inftantly 
the filk was covered with a ſplendid coat of 
reduced gold. | 

Nothing can be more ſtriking than this 
experiment, which was repeated times with- 
out number, or demonſtrates the neceſſity of 
water in theſe reductions in a more convinc- 
ing manner. 

This piece, viewed by tranſmitted light, 
had a purple colour with a conſiderable tinge 
of blue; and the margin oi the reduced gold 
was fringed with purple. 


* 


Exp. 9. GOLD. 


Thinking that phoſphorus applied in the 
form of vapour through the medium of wa- 
ter might be more effectual than a ſolution of 
it in ether, I immerſed a ſmall bit of ſilk in 
an aqueous ſolution of gold, and ſuffered it 
to dry a little; it was then ſuſpended in a 
phial over a little water, into which a ſmall 
bit of phoſphorus was previouſly introduced : 
the phial was then corked, and placed * ww 

aud: 
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ſand : the phoſphorus began to melt, and 
aſcend in white vapours, which, as ſoon as 
they reached the lower end of the ſilk, gave 
it a brown tinge, ſucceeded by a purple; and 


the gold began to aſſumie its metallic ſplen- 


dour : in a ſhort time theſe appearances were 
evident over the whole ſilk. 

The following propoſitions are deducible 
from theſe experiments. 

1. Water does not promote the reduction 
of gold merely by diffolving, and minutely 
dividing, the particles of the ſalt, and thus 
Jinining their attraction of eoheſ ion, and 
conſequently increaſing their chymical at- 
traction, as I firſt ſuppoſed ; for were this 


the caſe, ether and alcohol, which equally 


diflolve, and divide, the ſalt, ſhould produce 
the ſame effect. 

2. Ether and alcohol do not promote theſe 
reductions without the aid of water; for it 
is evident from the experiments related, that 
the few particles of reduced gold, which ap- 
pear, when they are employed, depend en- 
tirely on the quantity of water, which they 
leave in the filk during their evaporation, and 
that attracted from the air by the ſolution of 
gold, and by the phoſphorus during its com- 
buſtion, both of which have a ſtrong attrac- 
tion for water, 

3- Phoſphorus does not reduce gold by 
giving the metallic earth phlogiſton, as the 
Phlogiſtians ſuppoſe; for were this opinion 
true, a ſolution of gold in ether, or alcohol, 


ſhould 
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ſhould be reduced by the phoſphorus as ef- 
fectually as a ſolution of gold in water is. 

4. Phoſphorus does not reduce gold, by 
combining with, and ſeparating, the oxygen 
of the gold, as the Antiphlogiſtians aſſert ; 
for were this the caſe, the particles of the 
phoſphorus ſo attenuated by the ether, ſhould 
reduce a ſolution of gold in ether, or alcohol, 
as well as a ſolution of gold in water, ſince 
the impediment oppoſed by the attraction of 
coheſion is equally removed in both caſes. 

I ſhall conclude theſe remarks on the re- 
duction of gold with the following expe- 
riment, which often amuſed me. 


ExP. 10. GoLD. 


A ſmall bit of filk was immerſed in a 
ſolution of gold in ether, and dried; then 
the ſolution of phoſphorus was applied, which 
changed the yellow colour of the ſilk to a 
brown: when the phoſphorus began to fume, 
J placed the ſilk on the palm of my hand, 
and breathed on it a conſiderable time; a 
purple tinge gradually ſucceeded the brown, 
and, in ſome little time after, the metallic 
luſtre of the gold began to appear. 

The ſame experiment ſucceeds with a ſo- 
lution of gold in alcohol. | 

Another bit of filk, treated in the ſame 
manner, was placed over the vapour of 


warin water for ſome time; the tame ap- 


E 2 pearances 
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pearances took place, and particles of reduced 
old were evident in the ſilk. 

If the water, whence the vapour ariles, 
be too hot; the heat retards, and ſometimes 
prevents, the reduction, by volatilizing the 
phoſphorus. 


Exp. 11. SILVER, 


I dipped a bit of ſilk in a ſolution of fuſed 
nitrate of ſilver in alcohol, and dried it in the 
air : then ſome of the ſolution of phoſpho- 
rus was applied, which produced a brown 


tain, whoſe margin, after a few minutes 


expoſure to the air, acquired a livid white 
appearance, cauſed by a partial and imperfect 
reduction of the ſilver. 

This, however, would not be taken by a 
perſon unacquainted with experiments of this 
kind for reduced ſilver. 


EXP. 12. SILVER. 


A bit of ſilk was immerſed in the ſolution 
of phoſphorus; as ſoon as the ether eva» 
porated, and the phoſphorus began to fume; | 
a few drops of the ſolution of filver in al- 
cohol were applied: immediately a black 
ſtain, intermixed with ſome brown, ap- 
peared : and, after ſome time, obſcure films 
of reduced ſilver preſented themſelves ; theſe 
appeared on different parts of the ſtain ; but 
were ſo minute as to be ſcarce viſible. The 
only difference between this and the pre- 

ceding 
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ceding experiment is the order, in which 
the folutions were applied; but even this 
modifies the reſult in fome meaſure, 

That theſe imperfe@ reductions depended 
on water, depoſited in the filk, by the alco- 
hol during its evaporation, or attracted from 
the air by the phoſphorus during its com- 
buſtion, will appear from the following expe- 
riment. 


Expr. 13. SILVER. 


A ſmall phial was well dried in hot ſand, 
then corked, and removed to a cool place : 
after the phial cooled, it was nearly filled 
with ether, and a ſmall bit of phoſphorus, 
which was repeatedly waſhed in alcohol to 
free it from any aqueous moiſture, that might 
adhere to it, was introduced; the phial was 
then corked, and placed in hot ſand; when 
the photphorus melted, I ſhook the phial, 
and obtained a ſtrong ſolution. 

Into this ſolution a ſmall bit of ſilk, which 
was dipped in a ſolution of ſilver in alcohol, 
and dried, was introduced: the phial was 
corked; the ſilk inſtantly aſſumed a brown 
colour; but not a particle of reduced ſilver 
could be ſeen, though the experiment was 
continued about three months ; nor did the 
ſolution of phoſphorus become turbid, or de- 
poſit any precipitate, as happened in ſimilar 
experiments on gold. 5 

At the end of this period the filk was 

E 3 taken. 
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taken out of the phial, wetted with water, 
and ſuſpended in a window ; and, after a 
conſiderable time, reduced ſilver was manifeſt 
on different parts of the filk. 13 
Wich the ſolution of phoſphorus, in which 

the ſilk ſtood during that time, I reduced 
gold, and ſil ver, with the aſſiſtance of water. 
In order to compare the effects of water 
with thoſe of ether and alcohol, I made the 
following experiments. 


Exp. 14. SILVER. 


I dipped a bit of ſilk in a ſolution of ni- 
trate of ſilver in water, and dried it at the 
fire: the ſilk thus dried retained its white 
colour: the ſolution of phoſphorus was then 
applied, and immediately produced a brown 
colour, which ſoon, in proportion as the 
phoſphorus fumed, acquired a deeper tiuge, 
verging on black; and flight ſigns of reduc- 
tion appeared after a little time on the mar- 
gin of the ſtain. | 

Another bit of fiIk, treated in the ſame 
manner, but dried much better, exhibited 
{till fainter ſigns of reduction: for the 
brown ſtain did not appear on this piece as 
toon as on the former, nor was it ſo intenſe ; 
however, after ſome minutes expoſure to the 
air, the ſtain became deeper, and its margin 
acquired a livid white appearance, owing to a 
partial reduction of the ſilver. 


It 
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It has been often remarked, that the re- 
duction commences firſt on the margin of the 
ſtain, which the ſolution of phoſphorus, and 
that of the metal, produce in the ſilx: I was 
a long time at a loſs to account for this ap- 
pearance ; but the cauſe was accidentally diſ- 
covered ; for happening to ſpill a few drops 
of the ſolution of phoſphorus on a table, I 
obſerved, that, as they evaporated, watery 
circles were formed round the ſpaces, on 
which the drops fell ; and, that all the parts 
within the circles were dry. 

This explains why the reduction begins on 
the margin of the ſtain, | 

I obſerved the ſame of alcohol ; for if it 
be dropped on a level ſurface, it leaves a wa- 
tery ring behind, though not near ſo ſoon, 
as a ſolution of phoſphorus in ether does: 
this is the reaſon why alcohol ſeems to pro- 
mote the reduction of ſome metals; I ſay 
ſeems'; for it does not promote it, but in 
proportion to the quantity of water it con- 
tains, or attracts from the air, and depoſits in 
the filk during its evaporation.  _ 

How eſſential water is to the reduction of 
metals will appear from the following expe- 
. 11ment, 


ExP. 15. SILVER. 


I immerſed a piece of ſilk in the ſolution 

of phoſphorus, and after the ether eva- 

porated, and the phoſphorus began to fume, 
EE 


4 0 a ſo- 
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a ſolution of nitrate of ſilver in water was 
applied; inſtantly the ſilver was reſtored to 
irs metallic ſplendour. 

This experiment is very amuſing, and well 
calculated to, ſtrike the beholder with ſur- 

riſe. 
t The reduction is ſometimes attended with 
ſpangles of a beautiful blue, which appear 
chiefly where the ſolution of filver is moſt 
abundant. - 

The ſolution of filver is commodiouſly ap” 
plied by a camel hair pencil. 

I alſo tried the effects of the vapour of 
phoſphorus on bits of ſilk dipped in a ſolution 
of uitrate of ſilver in water, and expoſed to 
the vapour, in the ſame manner as in expe- 
riment the gth; and the ſilver was, always 
reduced: but a ſolution of phoſphorus in 
ether ſeems preferable to the vapour. 

A ſmall glaſs tube, reſembling a thermo» 
meter, with its bulb terminating in a ſmaller 
and nearly 8 tube, I found uſeful, and 
economic, eſpecially in experiments on gold: 
by immerſing the ſmaller end in the metallic 
ſolution, and inſpiring through the tube at 
the ſame time, the bulb may be filled: by 
this means a ſingle drop, or more, if neceſ- 
ſary, may be applied to the ſilk; and, thus, 
a great number of experiments can be made 
on a ſingle grain, or a much leſs quantity, 
of gold, or any other metal. 

This little inſtrument may be uſed alſo to 


apply the ſolution of phoſphorus to the filk ; 


3 and 
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and it was by uſing it for this purpoſe, I diſ- 
covered, that phoſphorus has not the power 
of reducing ſilver without the aid of water; 
for blowing the ſolution of phoſphorus from 
the tube on bits of ſilk, which had been dip- 

in a ſolution of filver, and dried, I was 
ſurpriſed to find films of reduced ſilver fre- 
quently appear; whereas none appeared, when 
I applied the ſolution of phoſphorus in a dif- 
ferent manner: this unexpected event often 
occurred; before I learned the cauſe; at length 
1 ſuſpected, it might depend on the moiſture 
of the breath; and I was ſoon convinced b 
moiſtening the ſilk with water, that the fu 
picion was well founded. | 5 2, 

It is evident from theſe experiments on fil- 
ver, that water is eſſential to the reduction of 
this metal by phoſphorus; and that ether, 
and alcohol, do not promote it. 

It is alſo evident, that theſe experiments, 
and thoſe, made ou the reduction of gold, 
mutually illuſtrate each other; and confirm 
the concluſious drawn. from them. 


Exp. 16. PLATIN A. 


I immerſed a bit of ſilk in a ſolution of 
nitro-muriate of platina in diſtilled water, and 
dried it in the air; the ſolution of phoſpho- 
rus was then applied to the ſilk; but no aj- 
pearance of reduction could be perceived. 

Another bit of ſilk was dipped in the ſo- 
lution, of phoſphorus; when the ether eva- 

- porated, + 
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porated, and the phoſphorus began to fue, 
the ſolution of platina was applied to the filk ; 
and, in ſome time, delicate films of reduced 
platina were viſible where the water was moſt 
abundant. Theſe films of platina commonly 
diſappear; and nothing remains but a brown 
tinge, which, however, is more intenſe, than 
what the ſolution of platina alone gives the 
filk. : | 

To ſucceed in this experiment, the ſilk 
ſhould be replete with phoſphorus; which is 
caſily done by applying the ſolution twice or 
thrice, and waiting atter each application, 
till the fumes begin to appear. It is alſo ne- 
ceſſary to keep the ſilk conſtantly wet with 
water. Sometimes it requires from ten to 
twenty minutes to reduce platina in this 
manner. 


Exp. 17. MERCURY. 


I dipped a bit of ſilk in a ſolution of oxy- 
genated muriate of mercury, and dried it in 
the air; then the ſolution of phoſphorus was 
applied; when the ether evaporated, and the 
phoſphorus began to fume, a yellow ſtain 
commenced on the margin, and gradually 


appeared over the whole. 


To compare the effects of different degrees 
of moiſture, 1 immerſed a bit of ſilk in the 
ſame ſolution of mercury, and dried it care- 
fully at the fire ; the ſolution of phoſphorus 


was then applied; the ſilk began to fume; 


but 
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but no change, except a very of gof a 
yellow hue, appeared. The reſt of the ſiſk 
retained its white colour. | 

Another bit of filk was immerſed in the 
ſolution of phoſphorus, when the ether eva- 
porated, and the phoſphorus began to fume, 
the ſame ſolution of mercury in diſtilled wa- 
ter was applied; and, in a few ſeconds, a 
bright film of reduced mercury was Viſble 
on the margin of the part, to which the 
metallic ſolution was applied, and after ſome 
time appeared on the whole. The reduction 
was attended with the colours of the rain- 
bow. 

After a little time, theſe colours vaniſh, 
and the metallic film becomes much more 
obſcure, according as the filk dries, and is 
Iucceeded: by a pra ſtain. 


Exe. 18. * p56 


A bit of filk was dipped in a ſolution of 
nitrate of mercury in diſtilled water, and 
dried at the fire; then the ſolution of phoſ- 
phorus was applied; and, when it began to 
fume, a brown, ſtain commenced at the mar- 
gin, which ſoon diffuſed itſelf over the whole, 
and gradually acquired a faint tinge of black. 

Another piece of filk, treated in the ſame 
manner, but dried in the air, exhibited the 
ſame appearances; except that the brown 
tinge verged more on black. 


Another bit of filk , was immerſed i in the 
ſolution 
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| folution of phoſphorus, and when it began 
to fume, the ſolution of nitrate of mercury 
was applied; a brown colour inftantly ap- 
red, accompanied with a film of reduced 
mercury, which was moſt evident where the 
metallic ſolution was moſt abundant. This 
film ſoon diſappeared, and was fucceeded by 
a black ſtain, in which, however, reduced 
mercury was viſible. No colours but black, 
and brown, appeared in this experiment. 
It appears from theſe experiments on mer- 
cury, that the reduction kept pace with the 
quantity of water preſent. 1 


* | Exe. 19. COPPER. | 

7k a 8 
\xl A piece of ſilk was immerſed in a ſolution 
of ſulphate of copper, and dried in the air: 


1 then a ſtrong ſolution of phoſphorus was ap- 
plied ; the ſilk acquired a brown colour; but 


N no other viſible alteration occurred. 

1 Another piece of ſilk was dipped in the 
ſame ſolution of copper, and dried at the fire 
. 


much better than the precediug; the ſolution 
„ of phoſphorus was applied; when the ether 
i evaporated, and the phoſphorus, began to 
. fume, a brown tinge commenced on the mar- 
gin of the ſilk, and gradually diffuſed itſelf 
over the whole; but the ſtain was by no 
means ſo intenſe as that produced in the pre- 
ceding piece : ſo that there can be no doubt 
that the difference was owing to the different 
degrees of moiſture in the ſilk. 


After 
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After this piece remained in the air fot 

ſome time, the brown tinge became more 

intenſe, a proof that it attracted water from 

the air. This difference in the appearances 

of pieces dried in the air, and at the fire, I 
frequently remarked. | 


Exp. 20. CoPPER. 


A ſtrong ſolution of phoſphorus was ap- 
plied to a piece of ſilk, when the ether eva- 
porated, and the phoſphorus began to fume, 
a ſolution of ſulphate of copper was applied; 
a brown ſtain was inſtantly produced, and 
its margins were ſoon covered. with a white 
metallic film, parts of which, after ſome 
time, verged on the colour of copper, inter- 
mixed with purple, green, and blue, If 
the ſolution of phoſphorus be weak, which 
is always the caſe, when the ether is bad, 
nothing appears on the fi]k but the brown 
ſtain, and the white metallic film. As the 
ſilk dries moſt of theſe appearances vanith ; 
but ſome of the blue tinge ſurvives ; andthe 
ſilk looks very unſcemly. 

A bit of ſilk was immerſed in the ſame 
ſolution of copper, and expoſed to the vapour 
of phoſphorus, as in experiment the th; 
but no change was produced on the ſilk, ex- 
cent a few brown ſpots, though the heat was 
ſuch that the vapour filled the phial, and cir- 
culated through it: the vapour corroded a 
braſs pin, which was uſed to fuſpend the filk 

in 
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in the phial. This induced me to try its ef- 
fects on copper, which was corroded by it 
in a remarkable manner, and changed into a 


black ſubſtance reſembling a mixture of char- 
coal and oil, It appears then that phoſphorus 


is ill _— to the reduction of this metal. 


. Exy. 21. TiN. 


A bit of ſilk was immerſed in a ſolution 
of muriate of tin in diſtilled water, and dried 
in the air; the ſolution of phoſphorus was 
then applied to the ſilk, and though it fumed 
conſiderably, no change whatever could be 
perceived in the colour of the ſilk; nor was 
there the ſmalleſt appearance of reduction. 

I poured ſome of the ſolution of phoſpho- 
rus on a bit of filk, and when it began to 
fume, the ſolution of tin was applied : after 
a few ſeconds, white metallic films appeared, 
firſt on the margin, and were gradually dif- 
fuſed over that part of the ſilk, to which the 
muriate of tin was applied : a yellow colour 
intermixed with red ſometimes attends the 
reduction. After ſome little time theſe films 
of reduced tin vaniſh, and ſcarcely leave a 
ſtain behind. 

did not tuccecd in reducing acetite of lead, 
muriate of arſenic, or ſulphates of iron, and 
Zinc, in this way. 

Theſe experiments on tin ſhew that water 


is eſſential to its reduction by phoſpliorus, and 
give 
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give additional force to the preceding conclu- 


ſions. 

M. Sage diſcovered that gold, ſilver, &c. 
are precipitated from their ſolutions in the 
metallic form, by pieces of phoſphorus, which 
are covered at the ſame time with bright coats 
of gold. filver, &c. 

To determine if water were eſſential to 
theſe reduCtions performed by M. Sage, I 
made the following experiments, 


Exr. 22. GoLD. 


Some ſolution of phoſphorus in ether was 
poured into a china cup, and a few drops of 
the ethereal ſolution of gold were added; 
inſtantly a brown powder was precipitated 
ſimilar to what appeared in experiment the 
6th, but no gold in its metallic form could be 
perceived. 


Exr. 23. GoLD. 


A ſolution of nitro-muriate of gold in wa- 
ter was poured into a china cup, containing a 
ſolution of phoſphorus in ether ; inſtantly 
the gold began to aſſume its metallic ſplen- 
dour, attended with a variety of colours, as 
purple, blue, and red, the beauty of which 
cannot be detcribed : the quantity of the 
blue was gradually diminiſhed, and what re- 
mained, was diſperſed over the ſurface in 
ſmall Glews, ivtermixed with ſpangles of re- 
duced gold. Moſt of the blue films were of 
a cir- 
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a Circular figure ; ſome had a central ſpeck 
of ruby red, and were fringed with purple 
ſome had a round central ſpeck of a darker 
blue than the ſurrounding parts : and ſome 
were of an irregular figure, , fringed with 


purple, or ruby red. I often obſerved theſe 


blue films aſſume the real colour of gold 
without ſuffering any mtermediate change of 
colour; aud, I think, I obſerved the fame of 
one of the largeſt ſpecks of ruby red, that 
appeared in this experiment. All theſe co- 
lours diſappeared, when the reduction was 
completed. | 

The variety of colours, which theſe films 
aſſume, depends on the different degrees of 
reduction; that 1s to ſay, on the quantity of 
oxygen combined with the metal: in pro- 
portion as the metal is deprived of the oxy- 
gen, it aſſumes various colours, which often 
tucceed each other in a regular order, ſhow- 
ing the different ſtages of the reduction: 
thus when gold is reduced; the firſt percep- 
tible change is a green, which ſoon becomes 
olive; this 1s ſucceeded by blue, and purple; 


and ſometimes by a ruby red: the purple 


tinge 15 a mixture of blue, and red. 
The various colours, which metals, and 
their calces, communicate to glaſs, and other 


ſubſtances, are explicable on theſe principles: 


and the difficulty of obtaining a ruby-colour- 


ed glaſs by gold is readily underſtood from 


the facility, with which that metal parts with 
oxygen. 


Exe, 
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ExP. 24. 4 GOLD. 


A thread was paſſed by means of a needle 
through a ſmall bit of phoſphorus, which was 
freed from any moiſture, that might adhere 
to it, by immerſing it for ſome time in al- 
cohol ; it was then ſuſpended by means of 
the thread in a ſolution of gold in ether, con- 


tained in a phial, which was carefully dried 
in hot ſand: in a few minutes, the ſolution 
became turbid, an efferveſcence commenced, 
3 and a brown precipitate was formed : ac- 
cording as the precipitate fell, the ſolution 
5 became clear, loſt its yellow colour; and the 
f whole of the gold ſeemed to have been pre- 
f cipitated : but not a particle of reduced gold 
Þ could be ſeen. 
> Another bit of phoſphorus was ſuſpended 
n in the ſame manner in a ſolution of nitro- 
4 muriate of gold in water; and in a few mi- 
2 nutes got a ſplendid coat of reduced gold. 
* ö 
es Ex. 25. SILVER. 
le A few drops of a ſolution of fuſed nitrate 
of ſilver in alcohol were poured into a china 
1 cup containing a ſolution of phoſphorus in 


ether: inſtantly a black precipitate, with a 


* tinge of brown, was formed; but no ſilver 
TY in its metallic ſtate could be perceived. 
wi After ſome time the precipitate attracted 
ich moiſture from the air; and ſome films of re- 
duced filver appeared. 
F The 
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The ſame experiment was made 11 a phaal, 
which was corked, to exclude the moiſture 
of the air; and nothing, but the black pre- 
cipitate, appeared. 

Some of the ſame ſolution of filver was di- 
luted with water, and dropped on a ſolution 
of phoſphorus in ether; and inſtantly films 
of reduced ſilver floated on the ſurface. 


ExP. 26. SILVER. 


A bit of phoſphorus was ſuſpended by a 
thread in ſome of the ſame ſolution of filver 
in alcohol, contained in a phial carefully 
dried: a black precipitate with a tinge of 
brown ſoon appeared; but no filver in its 
metallic itate could be obſerved ; part of the 
precipitate adhered to the phoſphorus, and 
part fell to the bottom of the phial. 

In another experiment made in a phial not 


| ſufficiently dried, a few ſmall films of re- 


duced filver were obſerved on the ſides of 
the phial; but not a particle of filver in its 
metallic form could be ſeen on the plioſ- 
phorus. | 

Another bit of phoſphorus was ſuſpended 
in a diluted ſolution of nitrate of filver in 
water: and in fome hours, the phoſphorus 
was covered with reduced filver. 

The caſe of filver, which covered the 
e prevented its ſpontaneous com- 

uſtion in the air; the ſame was obſerved 
of the bit of phoſphorus coated with gold. 

Hence 
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| Hence it appears, that M. Sage's ſucceſs 
in reducing metals by phoſphorus depended 
on the water of the metallic ſolution. 

Theſe experiments were often repeated 
with nearly the ſame reſult; but ſome va- 
riety often occurs, depending on various cir- 
cumſtances; as the ſtreng h of the metallic 
ſolution, and that of the phoſphorus ; the 
_ of water preſent, and the purity of 
the materials employed. 

It is difficult to obtain ether, or alcohol, 
with the leaſt poſſible quantity of water ; 
and equally diffcult to expel all moiſture 


from the ſurface of glaſs; for this reaſon, 
the bits of phoſphorus in the experiments 
made with alcohol and ether were ſuſpended 
by threads, ſo as not to touch the fides of 


the glaſs. 

I ſhall conclude this chapter with a gene- 
ral view of the inferences, which ſeem na- 
turally to flow from theſe experiments with 
phoſphorus. 

1. Water is eſſential to the reduction of 
metals by phoſphorus ; for theſe experiments 
ſhow that the reduction is effected only in 
proportion to the quantity of water preſent. 

2. Phoſphorus does not reduce the metals 
by giving them phlogiſton. 

; : Phoſphorus oo not reduce the metals 
by uniting with, and ſeparating, their oxy- 

en. | 
: How then is the reduction effected? are we 
not to conclude, that it is effected by the de- 
F 2 compoſition 
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compoſition of the water, in the following 
manner ? 1 

The phoſphorus attracts the oxygen of the 
water, while the hydrogen of the latter 
unites, in its naſcent ſtate, with the oxygen 
of the metal, and effects the reduction. 

Hence it follows, that the phoſphorus is 
oxygenated by the oxygen of the water, 
while the metal is reſtored to its combuſtible 
ſtate. 

Thus what could never be effected by a 
ſingle, is readily performed by a double affi- 
nity; which always takes place in preference 
to a ſingle affinity, as the experiments of 
Meſſrs. Monnet, and Kirwan, mentioned in 
the preceding chapter, ſhow. 

It is well known, that phoſphorus kept in 
water acquires an oxygenated cruſt, which 
could not happen without a decompoſition of 
the water: this fact ſerves to confirm the ex- 
planation here offered. 

And indeed the decompoſition of water in 
theſe experiments muſt be granted, or ĩt muſt 
be ſuppoſed, that water itſelf reduces the 
metals, by uniting with their earths, and 
conſtituting their phlogiſton; or by uniting 
with, and ſeparating, their oxygen; ſuppo- 
ſitions repugnant to our preſent knowledge 


of chymiſtry. 


CHAP- 


Sulphur, 6g 


CHAPTER III. 


Reduction of Metals by Sulphur. 


Troucn Sulphur, as far as my reading 
extends, has ſeldom been conſidered as a re- 
ducer of the metals, yet as it holds a diſtin- 
guiſhed rank among combuſtible bodies, ana- 
logy led me to examine its powers in reducing 
and fixing the metals in the fibres of ſilk. 
The vapour of ſulphur appeared to be the 
moſt ſimple form, iu which it could be ap- 
plied to this purpoſe ; and may be obtained 
by placing a phial NR flowers of ſul- 
phur in hot ſand: as the ſulphur melts, it 
aſſumes the form of vapour, which ſoon fills 
the phial, expels the atmoſpheric air, and 
bears a conſiderable heat, before it inflames ; 
a bit of filk, prepared for the experiment, 
may be held over the vapour, as it iſſues 
from the phial, or immerſed in it. The 
neck of the phial ſhould be of a convenient 
ſize for this purpoſe, | 
But theſe experiments are more conve- 
niently made by means of a ſulphurous 
match, and a glaſs funnel, in which the filk 
imbued with the metallic ſolution may be 
ſuſpended by a thread paſſed through it, and 
F 3 made 
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made faſt with a cork, which alſo ſerves to 


confine the vapour. | 
The glaſs 1s then placed on a table, and 


by moving it a little beyond the verge of the 
ſame, a lighted match is readily introduced, 
which, as ſoon as the glaſs is filled with va- 
pour, may be withdrawn ; the vapour is con- 
fined by making the glaſs glide back on the 
table; and thus the phenomena of the ex- 
periment can be eaſily obſerved. 

Though the vapour obtained in this manner 
be chiefly ſulphurous acid gas; yet its effects 
are not leſs intereſting on that account. 


n 


A bit of ſilk was dipped in a ſolution of 
old in ether, and diied: it was then 1ſuſ- 
pended in the glaſs funnel, and expoſed for 
ſome time to the vapour obtained from a 
burning match : but no change could be per- 
ceived, except that the filk became a little 
brown. 

Another bit of filk, prepared in the ſame 
manner, was immerſed in the vapour of ſul- 
phur, formed in a phial placed in hot ſand, 
with the ſame reſult, 


Exe. 2. GolD. 


A piece of fuk was immerſed in a ſolution 
of nitro-murite of gold in water, ſuſpended 
in the glaſs funnel, and expoſed, while wet, 
to vapour of ſulphur, formed by a burning 

match; 
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match; no ſooner did the vapour touch the 
filk, than the reduction commenced ; and in 
a few ſeconds the whole piece was covered 
with a ſplendid coat of reduced gold, per- 
manent, and retentive of its luſtre; but had 
a few ſpecks of a dull violet hue. 

The filk viewed by tranſmitted light ap- 
peared of a beautiful blue colour; and being 
removed from the vapour, and ſuſpended in 
the air, began 1n about ten minutes to exhale 
a vapour, which continued about two hours, 
and ſmelled acid, and pungent. 

Another bit of filk, dipped in the ſame ſo- 
lution of gold, and dried, was wetted with al- 
cohol, and expoſed to the ſame vapour : the 
ſilk acquired a browniſh hue; and a ſmall 


| white metallic film appeared on its lower end, 


where the alcohol moſt abounded : the filk 
was then wetted with water, and replaced in 
the vapour ; inſtantly a lively purple with a 
bright pellicle of reduced gold appeared. 


ExP. 3. SILVER. 


A piece of ſilk was immerſed in a ſolution 
of nitrate of ſilver in water, and ſuſpended 
in the air of a dark cloſet to dry; the filk 
retained its white colour, though it remained 
in the air twenty-four hours; it was then 
expoſed fourteen hours to the vapour obtain- 
ed from a burning match ; but ſuffered no 
change, except that it acquired a brown 
tinge : it was now wetted with alcohol, and 

F 4 replaced 
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replaced in the vapour for ſome time; no 
ſigns of reduction appearing, it was wetted 
again with the alcohol, and expoſed to the 
vapour ; but ſtill no ſigns of reduction could 
be perceived : I then wetted the ſilk with diſ- 
tilled water, replaced it in the ſulphureous 
vapour; and in about a minute reduced ulver 


appeared. 


EXP. 4. SILVER. 


I dipped a bit of ſilk in a ſolution of nitrate 
of ſilver in diſtilled water, and expoſed it, 
while wet, to the vapour of ſulphur, as in 
the preceding experiment; in a few ſeconds 
the ſilver appeared in its metallic form, at- 
tended with a variety of lic cy colours : the 
moſt remarkable of theſe were a pleaſant 
blue, orange, purple, and vellow, which 
ſoon dilappeared : : the reduced ſilver alto diſ- 
appeared in a great meaſure, ſome int traces 
only remaining. The filk was re moved from 
the vapour into the air, but exbaled no va- 
pour, as happened in experiment the 1econd. 

A ſmall bit of ſulphur was ſuſpended in a 
phial containing a ſolution of nitrate ot filver 
in water; and after ſome weeks the ſulphur 
was coated with reduced ſilver of no great 


luſtre. 


Exp. 5. PLATINA. 


A bit of filk was immerſed in a ſolution 
of nitro-muriate of the ore of platina in diſ- 


tilled 
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tilled water, and dried in the air ; it was then 
ſuſpended in the glaſs funnel, and expoſed to 
the vapour of a burning match: but no ſigns 
of reduction could be obſerved : the ſilk re- 
tained the colour, the ſolution gave it. 

Another bit of ſilk was dipped in the ſame 
ſolution of platina, and expoſed, while wet, 
to the ſulphureous vapour; in a few ſeconds 
the reduction was very evident. The filk was 
immerged in a glaſs of clear water, and 
transferred bright films of reduced platina to 
the ſurface of that fluid; moſt of them were 
of the ſame colour as the ſpangles in the ore 
of platina; and ſome were diſtinguiſhed by 
lively blue and purple colours. 

Another bit of ſilk, dipped in the ſame 
ſolution of platina, was immerſed, while 
wet, in the vapour of ſulphur, formed in a 
phial placed in hot ſand; the reduction ſoon 
commeuced, and was much more perfect, 
and permanent, than in pieces expoſed to the 
vapour obtained from ignited matches. 

It is remarkable that ſulphur reduced this 
metal much better, than phoſphorus or hy- 
drogen gas did: but the reduced platina diſ- 
appears after ſome time, and leaves nothing 
behind but a brown ſtain. 

If the films be transferred from the ſilk to 
water, they may be preſerved in their me- 
tallic form, 
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Exp. 6. MERCURY. 


A bit of ſilk was immerſed in a ſolution of 
nitrate of mercury in diſtilled water, and 
dried; parts of the filk immediately acquired 
a flate colour : the filk was then expoſed to 
the vapour of ſulphur, obtained from a burn- 
ing match; but it ſuffered no change, except 
that the colour became a little more intenſe, 

Another bit of ſilk was dipped in the ſame 
ſolution of mercury, and expoſed, while wet, 
to the ſame vapour: the reduCtion inſtantly 
commenced in a very evident manner, ac- 
companied with ſeveral colours, as blue, pur- 
ple, and yellow. 

The ſilk was removed from the vapour, 
and ſoon loſt moſt of its luſtre, which was 
ſucceeded by a ſlate colour, through which 
ſome particles of reduced mercury were ob- 
{erved to ſhine. 


ExP. 7. MERCURY. 


A bit of ſilk was immerſed in a ſolution 
of oxygenated muriate of mercury in water, 


and dried in the air: it was then expoſed to 


the ſulphureous vapour obtained from a burn- 

ing match; but the ſilk underwent no viſible 

change. This ſolution of mercury does not 

change the white colour of filk, as that of 
nitrate does. 

Another bit of filk was dipped in the ſame 

| ſolution 
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ſolution of oxygenated muriate of mercury, 
and expoſed, while wet, to the vapour; in 
a few ſeconds reduced mercury appeared, un- 
attended by any colour, except a flight tinge 
of citron yellow on part of the filk. After 
ſome time the whole of the reduced mercury 
vaniſhed. 


Exp. 8. CoppER. 


A piece of ſilk was immerſed in a ſolution 
of ſulphate of copper, and dried; it was then 
ſuſpended in the glaſs funnel, and expoſed to 
the vapour obtained from a burning match ; 
but the ſilk ſuffered no change, retaining the 
colour, which the ſolution gave it. 

Another bit of ſilk was dipped in the ſame 
ſolution of copper, and expoſed, while wet, 
to the vapour of an ignited match; ina ſhort 
time a white metallic film appeared, accom» 
panied with a brown tinge ; the filk becom- 
ing dry, was wetted with water, and expoſed 
to a briſk vapour from another match : the 
film became more evident, and parts of it 
verged on yellow, bordering on a copper co- 
lour. After ſome time this white metallic 
film diſappears, and nothing remains but a 
light brown ſtain. 


/ 


Exe. 9. LE AD. 


A bit of ſilk was immerſed in a ſolution of 
acetite of lead in diſtilled water, and dried in 


the air: it was then expoſed to the ſulphu- 
I reous 
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reous vapour of a burning match ; but un- 
\derwent no viſible change whatever. 

Another bit of filk was dipped in the ſame 
folution of lead, and expoſed, while wet, to 
the vapour; reduced lead ſoon appeared all 
over the filk ; but after ſome time this re- 
duced lead diſappears, unleſs it be transferred 
to the ſurface of water, 


ExyP. 10. TiN. 


A bit of filk was immerſed in a ſolution 
of muriate of tin in diſtilled water, and dried 
in the air: it was then expoſed to the vapour 
obtained from a burning match, which ſoon 
filled the glaſs; but produced no viſible 
change on the ſilk. 

Another bit of {ilk was dipped in the ſame 
ſolution of tin, and expoſed, while wet, to 
the ſulphureous vapour; and in a few ſe- 
conds reduced tin appeared all over the ilk ; 
but the tin ſoon diſappears, if not trausferred 
to water. 


Exp. 11. ARSENIC. 


A bit of ſilk was immerſed in a ſolution of 
muriate of arſenic in diſtilled water, and 
dried in the air; it was then expoſed to the 
vapour of ſulphur, obtained from a burning 
match; but the ſilk ſuffered no apparent al- 
teration. | | 

Another bit of filk was dipped in the ſame 
ſolution of arſenic, and expoſed, while wet, 

to 
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to the vapour : in a few ſeconds the arſenic 
was reduced, but not in a very evident man- 
mer; the ſilk was immerged in water, and 
ſeveral bright films of reduced arſenic floated 
on the ſurface of that fluid. 


Exp. 12. BIisMUTH. 


A bit of ſilk was immerſed in a ſolution of 
nitrate of biſmuth in diſtilled water, and 
dried in the air; it was then expoſed to the 
vapour of ſulphur obtained from a burning 
match; but no figns of reduction appeared. 

Another bit of filk was dipped in the ſame 
ſolution of biſmuth, and expoſed, while wet, 
to the ſulphureous vapour ; the biſmuth was 
ſoon reduced, acccmpanied with a brown 


ſtain: but the metallic luſtre ſoon diſappeared. 


Exp. 13. ANTIMONY. 


A piece of ſilk was immerſed in a ſolution 
of tartarite of antimony in water, and dried; 
it was then expoſed to the vapour of a burn- 
ing match; but no change could be obſerved ; 
nor did the filk immerged in water depoſit 
any films on its ſurface. 

Another piece of ſilk was dipped in the 
ſame ſolution of antimony, and expoſed, 
while wet, to the vapour : the filk, in a few 


ſeconds, acquired a yellow colour, and a 
bright bluiſh film of reduced antimony ap- 
peared on the lower end of the ſilk, where 


the water was moſt abundant: the filk was 
then 
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then immerged in a glaſs of water, and trans- 
ferred a large pellicle of reduced antimeny to 
the ſurtace of that fluid. | 


Exp. 14. IRON. 


A bit of filk was immerſed in a largely 
diluted ſolution of ſulphate of iron in diſ- 
tilled water, and dried in the air; it was then 
expoſed to the vapour of ſulphur obtained 
from a burning match; after ſome time the 
colour of the ſilk became a little brown; but 
no reduced iron could be ſeen; nor did the 
ſilk immerged in a glaſs of clear water trans- 
fer any thing metallic to its ſurface. . 

Another bit of filk was dipped in the ſame 
ſolution of iron, and expoſed, while wet, to 
the ſulphureous vapour; in a ſhort time the 
filk was withdrawn, and a minute ſhinin 
film, of a livid white colour, was viſible on 


its lower margin, where the water moſt 


abounded : the ſilk was then immerged in a 
glaſs of water, and transferred a large film of 
reduced iron to its ſurface. 

This experiment ſucceeded alſo with the 
vapour of ſulphur formed in a phial placed 
on hot ſand, The films of reduced iron were 
ſeldom viſible on the filk ; but were ſoon 
rendered viſible, by transferring them to 
water. 
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Exe. 1 5. Z1NC. 


A piece of filk was dipped in a diluted ſo- 
lution of ſulphate of zinc, and dried; it was 
then expoſed to the vapour obtained from a 
burning match; no change whatever could 
be perceived: the filk was immerged in a 
glaſs of water, but depoſited no film on its 
ſurface. 

Another piece of ſilk was dipped in the 
ſame ſolution of zinc, and immerſed while 
wet in the vapour of ſulphur formed in a 
phial placed on hot ſand; in about half a 
minute the filk was withdrawn from the va- 
pour, and ſome parts of it had a ſhining livid 
appearance, which I took for reduced zinc : 
in order to determine if the reduction were 
real, the filk was immerged in a glaſs of 


clear water, and transferred to its ſurface a 


bright film of reduced zinc. 
If the filk be kept too long in the vapour, 
ſome ſulphur will be condenſed on its ſur- 
face, and give it a yellow colour: if it be then 
dipped in a glaſs of water, it will depoſit 
both the ſulphur, and the metallic films on 
its ſurface; but the appearance of the ſul- 
phur is ſo different from that of the reduced 
metal, that they are eaſily diſtinguiſhed. 
Another bit of filk was immerſed in a 
largely diluted ſolution of muriate of zinc, 
and expoſed, while wet, to the vapour ob- 
tained from a burning match : the filk being 
withdrawn 
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withdrawn exhibited a few minute ſhining 
films on its lower end, and on immerſion in 
water, left bright films of reduced zinc float- 
ing on the ſurface of that fluid. 

Very often theſe films cannot be ſeen, un- 
til they are transferred to water, which 1 
found a very uſeful teſt in doubtful caſes : 
they are better ſeen in the gray light than in 
ſunſhine.” 

Theſe experiments on the reduction of me- 
tals by ſulphur were often repeated with 
nearly the ſame reſult: but ſome variety oc- 
curs depending on the quantity of water pre- 
ſent, the ſtrength of the metallic ſolution, 
and ſulphureous vapour, and alſo on the time 
the filk is expoſed to the vapour. 

When the experiments are made in a phial 
placed in hot ſand, part of the metallic ſo- 
lution frequently drops from the filk, and 
falling on the bottom, or ſides of the phial, 
is reduced, covering theſe parts with a me- 
tallic cruſt; on which the ſulphur ſoon re- 
acts, and changes the greater part into a ſul- 
phure. The phial commonly cracks. 

The following concluſions are deducible 
from the experiments related in this chapter. 

1. Water is eflential to the reduction of 
metals by ſulphur; for this effect is always 
= proportion to the quantity of water pre- 

ent. | | 

2. Alcohol does not promote theſe reduc- 
tions without the aid of water. 

3- Sulphur does not reduce the metals by 


giving 


Sulphur. - fy 8 . 
giving them phlogiſton; nor by unitihg with 


and ſeparating their oxygen; for were eicher. I 


of theſe opinions juſt, the ſulphur, ſo mi- 
nutely divided by heat, ſhould reduce metal- 
lic ſolutions in alcohol as effectually as it does 
metallic ſolutions in water. 75 

When we compare theſe, redudtions . 
ſulphur, with thoſe effected by pho ſphorys,. 
and conſider that water is eſſential to bot 
we muſt conclude, that the reduction is ry 
feed in the ſame manner, viz. by the de- 
compoſition of water; which ** be thus 
explained. 

The ſulphur . this oxygen, of the 
water, while the hydrogen of the latter unites,.. 
in its naſcent ſtate, to the oxygen of thę me- 
tal, and reſtores it to the metallic form. 5 

Hence it follows, that the ſulphur is oxy- - 
genated by the oxygen of the water, while 
the metal is reſtotred to its combuſtible ſtate,”-/ 

It alſo follows, that a quantity of, water 
equal to that conſumed is formed by = 
drogen of the N and the rh of 
metal. 

This explanation! is ſypported by a Roe "Iv 
periment of Dr. Prieſtley, who obtained in- 
flammable air by paſſing the vapour of water by 
through ſulphur heated iu an earthen tubs * ; , 
and farther confirmed by the experience 'of 
{ome Judicious makers of oil of vitriol, Who 


* & , 
* 


i pneſuej, Vol. v1. P- 50. 
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1 * ſprinkle the ſulphur with a. certain 
Wc roportion of water, before they inflame it. 
The. decompoſition of water in theſe, re- 
Jockions « muſt be granted, or it muſt be/ſup- * 
Poſed, that a ſingſe takes place in preference * 
to a dove Wer; which cannot de ad- 
„ne ö p 
4 Theſe erpgticherte point out Kell errors 
zin M. Lavoiſier's Table of the Affigities of 
the Oxy genoùs Principle; for he has placed 
ſulphbur at a much greater diſtance from that 
Princip than any of the, metals treated of in 
nde pter, except gold; and even in this 
mſtance his table is erroneous, unleſs it be 
proped, that ſulphur reduces , metals by di- 
.. rely. uniting with, and ſeparating their oõ y- 
en; 4 ſuppoſition which implies, that the 
 reduQtpn. is effected by a fogle affinity.; 3 and... . 
therefore inadmiſſible. 
. I chall cloſe this chapter wich a ſhort e. ö 
tract from the chemical; eſſays of Biſhop * 
Watſon; as it ſeems to, have ſome relation 
2 5 to the experiments related here. 
SED, lordſhip ſays, that his experiments on 
he Derbyſhite lead ore inſtruct us to be- 
8 lie ve, that the lead in this kind of ore is, 
4 oy in its metallic ſtate; as the ore was chaug-" * 
ed into lead without the addition of any 
e ſubſtance containing the inflamimadle pri = 
. ci e 
Bot the reduction of lead by ſulphur and 
1 Chem lay Val. ul. p. 20 0 £ A 
| . water, 
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3 4 3.5 has . 8 
Water, reli IJ iche N but an. 4«„ 
evident ſource, of the inflamin e 9 
for the ore ſitſelf muſt edntain dme, Waten, a 
conſtituent part of which is hydroge 1 the 
baſe © 1 :/ beſide as +4 
no "appearance of lead © 
lace, had thete * 2 IN 
tion w. the external; a | but as, Air n * 
ds water va ſolurion, an mple las AB 
e ee 
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Tir Silptire, Paare ak- Gt, wis Fü 
pared by fuſing equal parts of. eee 


potaſh, and flowers of abr £ill the ef- , 
ferveſcence ceaſed: | 70 


M. Gengembre: has Wade 4 very cbt. 


this way, - which is, that this; ſubfance has 


no ſmell, and that it exhales no gos, "while it 


continves dry; but That, when it 1s 7 dived: 7 


— 25 in. water, or attracts humidity from. they. 


it diffuſes an offenſi ve ſmell. 7 4 


Prem this circuniſtagce*M. | Bengenbfe þ 


mferred, that the diſengagemeñt 0 of this gas 3 


dep pended on the decqmpoſit ion of, water; for: 


he Lilo vered both by Goalyſis: and Profheſis, 


| that this air cbnſiſts of hydrogen, one of the 


4 principles of iter, Lon bine We.. ” 
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There can then Po -ovbtz, byt Meine: My 
© fulphure” Wan poet of, decampoſii Ward 
e and may therefore be bappily em ployed,”” 
do illuſtrate the, mode of action of. der 
and other combuftible' 29 treated of... 
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4 When lated See re as on Sud al- 
„e fulphute, the 1 8 ws, of the 
* water is I vid elerated, ſulphu- 7 
i. rated hydrogen S eſng farmed .i in great "# 
* * abundance. 9. vv, ve, 
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2 | A bit br (lk was: immerſed in the Wlutien . 
2 of ſylphure in alcohol, and then 4 ſolution of 

** gold in ether. Was Applied: a btowit matter 

3 gg in the ilk : but no heed gold ; 

AM. e e 5. 1 2 Po, 5 
. er bit of hlk k was dipped. in che * * 

4 luton of ſolphure ; in al 0 aud a ſolution 
1 a of nitto- mur iate of 01d in Water Was ap- 
= 1 plied; © a Ange er Ty was flowly farm- .- . 
= ed but no . 9h Wen wu 5 4 
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— his £xperim W381 peick on Modder: 
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* iu water; ahd-the white .faeralic fm, Was. 
$41 inſtaptly, farmed,” accompanied by; ü oui en 2 
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A pises of d was. net; an nn AE, ' 
8 ſolution of gold, in Which. the acid predomi- 25 
nated, then a few drops of the aqueous ſo- 
© lutien of ſulphure were appl lied: a white pel- 5 
- Tiels;: "which looked like filver, was iminedi-- 
* atcly formed, ald the fk 8 deep 9 
* colour Soya © A 0 p 
To another, Piece of filk, dipped' in 35 
, fame folution of gold, the ſolution. of ſul⸗ 
. phure in alcohol was applied. 'A white. mefak | | cd 
lie film appeared; but not ſo evident, or ſo 
8 ſoon, as 41 the preceding experiment, where- 
in the ſolution of ſulphure in water was 
Aůſed: beſide the film produced by the aqueous 5 
ſolution of ſulphure was more permanebt, 
and the ſtaiß, which the {ilk acquired,” Was 
more intenſe, than thoſe Frolpced, by. the, 2 7 
Wer of ſulphure in aldohol. 4 ta 
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ot, ol, eil a piece of. filk 1 2 flute 
of the ſulpliure ; in alcohol, and ifter-moſt of 
+ [the ſpirit evaporated; à folnign* of nitrate of 4 
. », A ſtlver 15 alcohol was app plied :4 nothing appcar- 
ed ot the ilk, bot a brown ſtain. The ni- 2 
tate: f ſilver, uſed in this experiment, was ** # 
- fuſed, to expel\as much water as poifible. 4. 5 
Another, piece of {ilk was dipped in tbe 
Fare ſolution of fulphute ; when maſt E 
eee RN F< Rh” It 
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2 lized nitrate of ſilver in water was applicd t 3 

0 the ſilk; and inſtantly the metallic Iuſtre 6f ” _ |, 
GY, the ſilver T IO ai e OT... 
e 
. 6 a WE * N i 7 
"6 1 "Exe, 4. $114 En, _ N 
2 A piece of filk was dipped'in «the Minton ©: Y 
ver of alkaline ſulphure in water, and an aqueous 

; ſolution of cryſtallized: nitrate of filver was 
ow applied; the filyer was immediately reduced 
* in greater quantity than in the preceding e, 
1 periment, iu which the alkaline fuiphure em- , 4 
— ployed was diſſolved in alcohol. The. ſtain . 
by FAY. wie flk was allo moe mene. by 

6 7. a * %, . 2 
* 5 Ext. . Sirvrz⸗ N 
0 3 bit of ade Was immerſed in 2 8 
oft the ſulphure i in Air, and then & ſolurion _ 
„cox viitrate' of. filver*in alcchol was äpplied: 
* but nothing appeafed on the filk, except a * 
i: brown. ſtain. The nitrate of "flyer, uſed in 1 25 
: this experimerit; was fuſed, whieh ne | 
4 it of a great. part of its aid. That this was 

4, the circumſtauce, which prevented & S. 
*. doctiog of the br,» erb en . 7 
— lowin ex e N _— 
4 ring l Wa We it in 920 L 5 
= -  dolutign'6f flver ib» alcohol, then ſome in 


OF luted hwic acid. Was app 35 laſtly the 
I aaucods ſolution of fulf N on 
of the filk ; and iniſtantly the 5 i reſtored * 
Lo | * metallic PR, t 3 eyident thenk”. 
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nothing appeared but a brown ſtain. 
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that acids nde to the reduction of ſilver 
by alkaline ſulphure, which they effect by 
promoting the decompoſition of water. 

In ſome time the reduced ſilver diſappears 
for the moſt part: and indeed the white me- 
tallic films, which were produced in the ex- 
6 on gold, totally diſappeared. 


Exr. 6. PLATIN A. 


A bit of ſilk was immerſed in a ſolution of 
nitro-muriate of the ofe of platina in diſtilled 
water, and dried; then the ſolution of ſul- 
phure in alcohol was dropped on the lk; 


Another bit of filk was . dipped in the 

ucous ſolution of ſulphure, and a little of 
the ſolution of platina applied; in a ſhort 
N a film of reduced . appeared. | 

To another bit of ilk, which was dip 
in the ſolution of platina; a few drops, of Cal. 
tilled vinegar were applied, and then the wt 4 
lution of Julybure in water was added; 
brown ſtain was immediaaely produced, * 
more platina reduced What in the precidibg 
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| Exe. 7¹ Mexcury: 
| To a bit of ſilk, which was tncherſed i in a 


ſolution of oxygenated muriate of mercury 


in water, and dried in the air; ſome of the 
uche of l in ee Was applied; 
but 


3 


Altalin gabe 32g 35 
but no change, except a ncht yellowiſh | 


brown, was produced. x 

After the filk was ſome tis ape to the 
air, ſome very faint ſhades of black were vi- 
ſible on parts of it. 

To a piece of ſilk, 8 was i AF 
in the ſolution of ſulphure in water, ſome 
of the ſame ſolution of mercury was applied; 
immediately the metal was reſtored to its me- 
tallic luſtre, in a very ſtriking manner; and 
it was remarkable, that the 1 on the 
ſilk was very ſmall. 

This experiment Was repeated with this 
difference, that the ſilk was firſt wetted with 
diſtilled vinegar : and more of the mercury ... 
was reduced, than in the preceding expe- 
riment, attended with an olite Fiel pitate, 
which gradually turned blackiſh : the quan- 

tity of precipitated, matter in this was much 
greater than in the former experiment; but 
the reduced mera? wat not ſo btigt. 


* , 
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Exe. 8. Mencux v. 9 2 a 


A bit of filk, which was dipped in a ſo- 
lution of nitrate of mercury, and dried in the 
air, had no cbarfge produced on it by a ſolu- 

tion of ſulphure in alcohol, except a ſtain 
compounded of the flate colour, which the 
WIN imparts, "and ons yellow of the ſul- . 
ure. | 
K To another bit of viz which was am- 
merſed i in the aqueous ſolution of 9 


* » 
* 


9% |  Redubtis by 


* 1. 


ſome of the fame ſolution of mercury was 
applied: the metal was immediately reduced; 
and a very black ſtain attended the reduction. 


Exe. 9. Cor rx. 


* 4 piece of filk was dipped ĩu a ſolution * 
ſv] * of copper, and dried in the air; 
— of the ſulphure in alcohol was 5 
plied to it; but no change, except a brown 
ſtain, was produced. 

To another bit of ſilk, immerſed in the 
aqueous ſolution of ſulphure, ſome of the 
fame ſolution of copper was applicd : a white 
metallic film was flowly formed, attended 

with a brown colour. 

1 On another bit of ſilk, which was dipped 
11 in the fame ſolution of copper, and placed 
= - on a ſaucer, ſome diſtilled yinegar was drop- 
| ped, and then a few drops of the aqueous ſo- 

| lution of ſulphure were added: immediately 
a white metallic film appeared in greater 
Paſtry than in the W experiment. 
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„ Exp. 10. Li. 

by A Are of ſilk was immerſed in a folution 
13 of acetite of lead in diſtilled water, and dried 
nt in the air; then the ſolution of ſulphure in 
bl alcohol was applied: but nothing e 
M0 on the ſilk, except a brown ſtain. * 


A bit of the ſame ſilk was dipped in the 
ſame ſolution of lead, then the ſolution of 
|} | we in water was elles. : the lead — 5 
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ſoon \ rede bs its prallie: finte*"a fem 

ſtain, aud precipitate of the faine colour; at- 

tending the reduction: 

Ibe ſame experiment? Was W with 

11 difference, that the ſilk was firſt wetted 

with diſtilled vine ar, and inſtantly the lead 

was reduced of greater luſtre, and in greater 

quantity, than in the preceding experiment. 

This experiment was tried on a bit of 

white calico, dipped in diſtilled vinegar, and 
placed on the Pa of my band; and in- 00 

ſtangy the metallic luſtre of the lead, which 

was reduced in gieat quantity. appeared i im a 

very remarkable mme, attended "1 "Iz 

brown ſtain. 20H n 15 Fab, on: 


* „Etre 11. Fa. x g | . + ' 
To a bit of ſilk di; pped in Alſalotion of mu- 
tlate of tin in diſtilled water, and dried i in the 
air, the ſolution of ſulpbure in alcohol was 
applied: nothing appeared but a brown ſtain. 
Anotlier bit of ſilk was immerſed in the 
ſolution of ſulphure 1 in water, then, the ſame. 
ſolution of muriate of tin was, applied; in a 
ſhort time ſome reduced tin appeared on the 
filk;. Vinegar promoted the 8. Sion of this 
metal alſo, in a remarkable waer Fe w1 


„ a % . a 
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Exe. 12. Alex ie. . 


A bir of fi Ik was immerſed i in a "ſolution 
of muriate of arſenic in diſtilled water, and 
dried in the air: the * of e in 
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alcohol wa then applied: the Ul 65 . q 
ed yellow, i in a” ſhort time the yellow colqur 
Amo entirely diſappeared, leaving ne 0 
whitiſh precipitate ;* 7 bat no other N was,” 
produced. 

Another bit of ſilk was 1 Wpped i in theo. 
tution of ſulphure in water; then ſome. o 
the ſame folution of arſenic was ap plied; a 
yellow, precipitate was formed; an Gordy I 
after, this precipitate was ſutrounded by a 


violet margin; ; but no other change Waun be. 


obſerved. | " 
1 imcherſed andther bit of Pun "Wh al my 


* the. ſame ſolution. of arſenie, ſome diſtilled 


vinegar was then dropped on it; and laſtly 
the aqueous ſolution of ſulphure vas, ap- 
plicd: after ſome time, a few minute films of 
reduced arſenic bright as ſilver were viſible. 
Some attention is neceffury to diſcover the 5 
reduced arſenic, as the particles reduced are 
few, and minute; and ſometimes none can 


be ſeen. A a 1 4 a » %, „  # Ty 
6 | | 1 & 1 | | , ou 
Exp. 13. Bis urn. . 


.19 4 bit of ſilk, lich was dipped in a 


ſolution of nitrate of, Biſmuth in diſtilled: 


water, and dried in the air, the ſolution of 
ſulphure in alcohol Was applied: the; ilk ap- 
peared firſt yellow, then brown ; but no Ao 1 


ther change could be obſery ed. 


Another bit of ſilk was immerſed in 7 N 


— of Meir in Water; ſome of the: 


.* 


Alus bie Jo WY 


been e pinot was Athen apphed to 


; the meta] was "immediately reduced; and 
1 predipitate was, formed.” Vinegar 


eb veither to N got retard the te- 


duction. 2, 


Two bits, of white tales bids in = 
the ſame ſolution! of biſmuth; to one of theſe 


placed on a ſaucer ſome diftilled vinegar was 


added; then a ſingle drop of the Tolutiony of ©. 
ſulphvre-i in water was applied; aud the whole 
of the calico, except that part on which the 
drop fell, was covered rity reduced bifmuth, 
which looked exceediugly bright: the ne 
appearance was owed, oft the ihe bit, to | 
which no neger was added. r 


\ Jpn” * 1 


wr, I Era. aan 16 a 5 : 


To a bit of fk, which was Aipped in 
ſolution: gf 'tartarite-of, antimony in Ale 
water, aud dtied in the air, the * "Ig 
ſulp bure in alcohol was applied; t he ilk | 
— a yellow elbe,: u 8 e. margins, ſome. 
time after, acquited, an ne hve ; 5 but no 
other, change Was perceived. 

Another bit of the ſame lik was in Berta! 
in the aqueous ſolution of ſulphure, the ſatne 


ſolution of antimony was then applied: part 


of the metal was reduced, though in ſmall 
quantity, attended with an orange precipitate. 
The acids of vinegar, and tartar, ſeemed 

tp itnpede the reduction; the muriatic oy 
alſo 


- 
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alſo . th bare the ſame effect, thaugh 
not in ſo erat 0 as the two former. 


4 
* - 


Exr. 18 CosAlr. * 


To a bit of ſilk, Which was dipped i in a 
ä ſolution of nitrate of cobalt, and dried in the 
air, the ſolution. of fulphure in alcohol was 
15 ©; applied the filk ſoon became brown; but 
uo farther change could be perceived. 
Ĩ0 another bit of filk, which was im- 
merſed in the ſolution of ſulphure in water, 
a few drops of the ſame ſolution of cobalt 
were applied: the ſilk immediately acquired 
a dark colour, and, in a little time, ſome of 
the metal was raced; attended with a dull 
blue precipitate, which changed to a blackiſh, 
| brown, | 
Muriate-of cobalt was reduced in the "SF 
manner: vinegar promoted the reduction of 
Ng theſe 3 of cobalt. - 


bl 


«&* ? 


hs k | X Exe. 16. Inox. 4 K * 


To: a piece of filk, which was n 0 5 in 

a ſolution of ſulphate of iron largely diluted, 
* dried in the air, the 1 of ſulplure 
in alcohol was applied : the filk ſoon becamo 
black; but no other change could be per- 

- ceived. 

Another bit of ſilk was dipped ; in * ſolu- 
tion of ſulphure in water, ' ſome of the ſame 
ſolution * iron was then applied: the GI 


inſtantly aſſumed a black G 3 1 no re- 
ä 2 
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duced. iron appearing, it was ictmerged i in 4 
glaſs of water, and trangferred a bright hn 
of reduced iron to the ſurface of that fluid. 
Sometimes part of the film has not the 
metallic luſtre, which is very evident iu other 
parts of it; ſo that the parts completely re- 


iron, intermixed with theſe bright films. - — 
The fame experiments were repeated on 
bits of calico with the lame. reſult : the calico 
from its ſpongy texture is better ſuited to 
produce ſtrong, films than ſilk is. 


and dried in the air; ſome of the ſolution, f 
ſulphure in alcohol was applied; nothing ap- 
peared on the ſilk, but the yellow colour, 
which the ſolution of ſulphure imparts. 


tion of ſulphute in water, and ſome of the 
ſame folution of zinc was applied; the yel- 
low colour, which the ſolution of ſulpbure 


its ſurface, 


In 


duced. can be eaſily diſtiuguiſhed from: che. 
dull and inperfe&ly reduced black A fl % 


To. a. bit of ſilk, which was immerſed in 2 . 
largely diluted ſolution of muriate of zinc, 


Another bit of ſilk was dipped in the * | 


gave the filk, ſoon became white; but no 
reduced zinc could be ſeen. ' The filk was 
then immerged in a glas of clear water, and 
transferred a SIE film of reduced zinc to 


. 
AX 
- © 


Vinegar did not promote the reduction of 
iron in theſe * r = 
* Exe. I7. ix. 4 . - | 3. = 
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In another experiment, made with white 
calico, the pellicle transferred to the ſurface 
of water was brighter; and more zinc was 
reduced, than in the preceding experiment. 

Sulphate of zinc alſo was reduced both on 
ſilk, and calico, with this difference that 
black, aud olive, precipitates, attended the re- 


- Exe. 18. MANGANESE. 


I dipped a bit of filk in a diluted ſolution 

of nitrate of manganeſe, and dried it in the 

air; the ſolution of ſulphure in alcohol was 

then applied: the ſilk acquired a yellow co- 

lour, which ſoon diſappeared; but no other 
change could be obſerved. 

To another bit of ſilk, which was immerſed 


in the ſolution of ſulphure in water, a drop 


a *% 


of the. fame ſolution of manganeſe was ap- 
plied : inſtantly a pearl- white precipitate was 
formed, the margin of which ſoon acquired 
a bright film of reduced manganeſe. Under 
this film a violet tinge was evident. 
The nitrate of manganeſe uſed in this ex- 
periment was very ac | ; 
A ſolution of alkaline ſulphure in water 
after a certain length of, time loſes the power 
of reducing the metals, in which reſpect it 
reſembles an old ſolution of ſulphate of iron. 
Having procured a more ncutral ſolution 
of nitrate of manganeſe, 1 immerſed a bit of 


ſilk in the ſolution of ſulphure in alcohol, 
a | when 
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when moſt of the ſpirit evaporated ; a ſingle 
drop of this folution of manganeſe was ap- 
plied; inſtantly a bright film of reduced 
manganeſe appeared, attended with a violet 
tinge, and a brown precipitate. After ſome 
time the violet tinge diſappears. | 

On another bit of filk immerſed in the 
fame ſolution of ſulphure in alcohol, a dro 
of a ſolution of ſulphate-of manganeſe in dif 
tilled water was applied: inſtantly films of 
reduced manganeſe bright as ſilver appeared, 
accompanied with a faint violet tinge, and a 
pearl-white precipitate. Theſe films ſoon diſ- 
appear. | 
= ſolution of alkaline ſulphure in alcohol 
does not by age loſe its power of reducing the 
metals, as that in water does; I kept the 
former ſolution more than two years, and 
found it, at the end of that time, as capable 
of reducing the metals, as when it was made. 

It is manifeſt from the experiments related 
in this chapter, 570 

1. That water is eſſential to the reduction 
of metals by alkaline ſulphure. | 

2. That alcohol does not promote theſe re- 
ductions, without the aid of water. 

3. That alkaline ſulphure does not reduce 
the metals by giving them phlogiſton ; nor 
by uniting with, and ſeparating, their oxygen; 
for were either of theſe opinions true, a ſolu- 
cion of alkaline ſulphure in alcohol ſhould re- 
duce them as effectually, as a ſolution of the 
{ame in water does. 


H 4. Thar 
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4: That acids contribute to theſe reduc- 
tions by promoting the decompoſition of 
Water. 

Now ſince M. Gen — has demonſtrated, 
that water is decompoſed by alkaline ſul- 
phure ; who can doubt, that it is decampoled 
in theſe reductions: ? 

The manner, in which metals are 1 
by this ſubſtance, ſeems to be the following. 

An hydrure of ſulphur, that is, a combi- 
nation of hydrogen, and ſulphur, is formed : 
this hydrure of ſulphur attra&s the oxygen 
of the water, while the hydrogen of the lat- 
ter unites, in 1ts naſcent ſtate, with the oxy- 
gen of the metal, and reduces it, _ 

The experiments in this chapter leave us 
no room to doubt of the decompoſition of 
water in metallic reductions by alkaline ſul - 
phure, and ſerve to illuſtrate, and confirm, 
the manner, in which ſulphur, phoſphorus, 
and other combuſtible "_— effect the re: 


duction of metals. 


1 


p. 
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CHAPTER V. 
REDUCTION or METALS 


BY 


SULPHURATED HYDROGEN GAS. 


HavinG treated of the effects of hydro- 
gen gas, and ſulphur, ſeparately, I ſhall next 
treat of their effects, when combined in the 
form of ſulphurated hydrogen gas. 
I obtained this elaſtic fluid by pouring 
water, acidulated with ſulphuric acid, on al- 
kaline ſulphure, prepared in the manner 
mentioned in the preceding chapter; but had 
it been prepared with a cauſtic alkali, it 1s 
raps the gas would be more powerful. 
e ſulphure of the ſhops is generally unfit 
for theſe experiments, | 
It is neceflary in experiments with ſul - 
phurated hydrogen gas, hydrogen gas, &c. 
to have ſome mode of conveying them into 
a chimney ; as they are offenſive, and un- 
wholeſome. | 


Exr. 1, GOLD. 


A piece of ſilk, which was immerſed in a 
ſolution of nitro-muriate of gold in water, 
and dried in the air, was expoſed to 71 
rated hydrogen gas: the filk got a flight 
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tinge of brown ; but no other change oc- 
curred : it was then wetted with alcohol, and 
after ſome time, the brown became more in- 
tenſe; and white films appeared on ſome 
parts of the ſilk, owing to moiſture collected 
trom the gas, which 1s always replete with 
water, | 
Another bit of filk was dipped in the ſame 
ſolution of gold, and expoled, while wet, to 
the gas: the yellow colour, which the ſolu- 
tion of gold gave the ſilk, was immediately 
changed to a brown; and a white metallic 
pellicle appeared, and covered the whole ſur- 
face of the ſilk oppoſed to the gas; but no 
purple, or other colours, that uſually attend 
the reduction of this metal by other agents, 
could be perceived. This pellicle did not 
ji& entirely diſappear, as the filk became dry; 
9 though it loit moſt of its luſtre, and looked 
bo | more like ſilver, or ſome other white metal 
| imperfectly reduced, than gold. 
408 This elaſtic fluid, and alkaline ſulphure, 
have an effect on the reduction of gold, very 
different from that of the vapour of ſulphur, 


1 obtained from a burning match, which fur- 
5 ther appears from the following experiment, 
1 made with ſulphurated hydrogen gas, that 
4 happened to be mixed with ſome ſulphurous 
1 acid gas. | 

F. N Ex. 2. GorLD. 


A piece of ſilk, which was dipped in a 
ſolution of gold in ether, and dried in the 
| air, 
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air, was expoſed to a current of ſulphurated 
hydrogen gas, containing ſome ſulphurous 
acid gas; but no ſigns of reduction could be 
perceived: the ſilk was then wetted with al- 
cohol ; ſtill no viſible change was produced, 
except a brown ſtain, where the alcohol moſt 
abounded : this ſtain, after ſome minutes ex- 
poſure to atmoſpheric air, was covered with 
a white metallic film, which ſoon diſa 
peared : after ſome minutes, the filk was 
wetted with water, and expoſed again to the 
gas; a white metallic film immediately ap- 
peared, and the brown ſtain began to change 
ſlowly to a purple; the filk was ſoon co- 
vered with various colours, as blue, red, and 
orange ; and ſome ſpots of reduced gold of 
its own proper colour appeared: after ſome 
time the white film; and all the colours, ex- 
cept the purple, diſappeared : ſome ſpecks of 
the perfectly reduced gold were permanent. 

Another bit of filk, which was immerſed 
in an aqueous ſolution of gold, and expoſed 
to the ſame mixed gas, exhibited nearly the 
ſame appearances. 


ExP. 3. Gol p. 


Having found that ſulphurated hydrogen 
gas had a powerful effect in reducing other 
metals, I was deſirous of trying its effects on 
a larger ſcale, thinking it might be attended 
with more ſucceſs: I therefore immerſed a 
quarter of a yard of filk in an aqueous ſolu- 
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tion of gold, and expoſed it, while wet, to 
this gas in cloſe veſſels: the ſilk was ſoon 
covered with a white metallic pellicle, which 
diſappeared in a ſhort time : the experiment 


was continued about twelve hours, and, of 
withdrawing the filk from the gas, I could 
not perceive the ſmalleſt veſtige of reduced 


metal, or purple, or other colours, that con- 


ſtantly attend the reduction of gold. 


The ſilk had a dull brown hue verging on 


à ſlate colour. 


Exp. 4. SILVER. 


A piece of filk, which was immerſed in a 
ſolution of nitrate of ſilver in water, and 
dried in the air, was expoſed to a curtent of 
ſulphurated hydrogen gas; but no change 
could be perceived for ſome time; at length, 
when the ſilk collected moiſture from the gas, 
ſome particles of reduced ſilver were viſible, 
accompanied by a brown ſtain. 

Another piece of ſilk was dipped in the 
ſame ſolution of nitrate of ſilver, and ex- 
poſed, while wet, to the gas: the filver was 
inſtantly reduced all over the fide of the ſilk 
oppoſed to the current: a great variety of 
beautiful colours, as red, orange, yellow, 
green, and blue, attended the reduction: 
molt of theſe diſappeared; but part of the 
filver remained permanently reduced. 

I found, that, if the ſilk be immerſed in 


a ſolution of ſilver in alcohol, and dried, and 


then 
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then moiſtened with water, and expoſed, 
while wet, to the gas; none of theſe colours 
appear. | 9 
This experiment was repeated on a quar- 
ter of a yard of (ilk in cloſe veſſels, and im- 
mediately both ſides of the ſilk were covered 
with reduced ſilver, attended with the ſame 
beautiful colours: the ſilk was left expoſed to 
the gas ſeven or eight hours; and being then 
examined, no reduced ſilver could be ſeen: 
nothing remained, but a ſtrange medley of 
colours, chiefly blue, green, purple, and 
orange, unequally mixed, ſome prevailing 
more than others in certain parts of the ſilk: 
however the die is by no means diſagreeable. 


ExP. 5. SILVER: 


A piece of filk, which was immerſed in a 
ſolution of fuſed nitrate of filver in alcohol, 
and dried in the air, was expoſed to a current 
of the gas ; but no change could be perceived 
for ſome time : it was then wetted with al- 
cohol, ſtill no alteration could be obſerved, 
till the filk attracted moiſture from the gas, 
when ſmall particles of reduced filver began 
to appear, attended with a brown ſtain. 

If the filk immerſed in the ſolution of ſil- 
yer in alcohol, and expoſed while wet to the 
gas, be kept conſtantly wet with alcohol, 
theſe appearances take place ſooner. _ | 

A piece of filk, which was dipped in a ſo- 
lution of muriate of filver in ammonia, and 
H 4 expoſed, 
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expoſed, while wet, to the gas, had in a 
ſhort time its ſurface covered with reduced 
filver : but another piece of filk dipped in the 
ſame ſolution of filver, and dried, underwent 


no ſuch change. 


Exp. 6. PLATINA. 
A bit of ſilk, which was dipped in a ſo- 


lution of nitro-muriate of the ore of platina 
in diſtilled water, and dried in the air, was 
expoſed to a current of ſulphurated hydrogen 
gas; but underwent no perceptible change. 

Another bit of filk was immerſed in the 
ſame ſolution of platina, and expoſed, while 
wet, to the gas; the whole ſurface of the 
ſilk, oppoſed to the current, was inſtantly 
covered with reduced platina, which ſoon 
loſt its luſtre; nothing remaining but a brown 
bes. colour, with ſome faint veſtiges of the re- 
duced metal. 

This experiment was repeated on a bit of 
linen with the ſame reſult. 


- —_—" - — 2 : 4 
— — 2 — 223 . A 4 
u * — — 8 p a 1 AGE — _ 
2 w> * oy 2 * 
- — ey 
& * 


N. 
1 Exp, 7. Mercury. 
; g 1 A bit of fi k, which was dipped in a ſolu- 
HH tion of oxygenated muriate of mercury in 
3 diſtilled water, and dried in the air, was ex- 


poſed to a current of the gas; the only viſible 


4 1 | change produced was a flight ſhade of youu 
TY on part of the ſilk. 
7 Another bit of ſilk was immerſed in the 


fame ſolution of mercury, and expoſed, while 
wet, 
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wet, fo the gas: the mercury was immedi- 
ately reduced ; but ſoon loſt its luſtre: the 
gas reactiug changed moſt of it to a ſub - 
{tance of a dull white colour. 

The ſame experiments were made with ni- 
trate of mercury, with the ſame reſult. 


Exp. 8. CorPyreR. 


A bit of ſilk was immerſed in a ſolution of 
ſulphate of copper in diſtilled water, and ſuſ- 
pended in the air to dry; it was then expoſed 
to a current of the gas: the ſilk aſſumed a 
brown colour; but no other change appeared. 

Another bit of ſilk was dipped in the ſame 
ſolution of copper, and expoſed, while wet, 
to the gas: a white metallic film, attended 
with a brown ſtain, immediately appeared: 
ſome parts had a yellow film approaching to 
the colour of copper: theſe films all ditap- 
peared, leaving behind a brown ſtain : the 
parts, which were covered with the yellow 
film, reſembling copper, exhibited, after ſome 
time, a dull bluiſh diſagreeable matter. 


Exe. 9. LEAD. 
Having dipped a piece of filk in a ſolution 


of acetite of lead in diſtilled water, and 
dried it in the air, I expoſed it to a ſtream of 
the gas: the ſilk became a little brown; but 

no other change could be obſerved. 
Another bit of filk was immerſed in the 
ſame ſolution of lead, and expoſed while wet 
to 
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to the gas; no ſooner did it touch the filk, 
than a brown tinge diffuſed itſelf, like a paſ- 
ſing ſhadow, over the whole ſurface of the 
filk, accompanied with a bright. coat of re- 
duced lead, which reſembled filver. 

The brown tinge, which the filk acquires, 
reſembles what happens when white paper 
is ſlightly ſinged by holding it near a burn- 
ing body. : 

This experiment was repeated on a quarter 
of a yard of ſilk in cloſe veſſels; and the 
filk was immediately covered with a coat of 
reduced lead, which had the brilliance of ſil- 
ver, and was attended with a brown tinge : 
the experiment was continued ſeveral hours, 
after which the ſilk was examined, and found 
to have loſt all the argentine luſtre, which 
was ſucceeded by a ſparkling gray die : a 
ſulphure of lead, or galena, being formed 
in the fibres of the ſilk. The ſame experi- 
ment was repeated on two other pieces of ſilk 
with the fame reſult. 

This elaſtic fluid is ſo powerful a reducet 
of the metals, that if chambers, painted with 
white lead, have any conſiderable degree of 
moiſture, and are expoled to is influence, 
the lead on the ſurface of the walls is re- 
duced, and that chiefly where the humidity 
is moſt abundant : this effect, I obſerved, was 
produced, even at the diſtance of three cham- 
bers from the place, where the gas was 


formed: and the lead was reduced molt evi- 
dently 


3 
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dently behind the window-ſhutters where the 
moiſture of the wall was moſt conſiderable. 
It is a common experiment with chymiſts, 
in order to ſho the effects of this gas, to 
draw characters with a ſolution of ſugar of 
lead on paper, which they place over a glaſs 
of water, containing ſome alkaline ſulphure: 
in ſome time the characters drawn on the 
paper acquire a brown, or black colour, and 
become viſible ; which amuſes the ſpecta- 
tors, | 
But it is ſurpriſing, that the metal has 
never been reduced in this experiment even 
by chance; and not leſs ſo, why lead ſhould 
be ſingled out for this trial of ſkill, in prefe- 
rence to other metals, which are equally af- 
fected by this gas. 


Exp. 10. TiN. 


A piece of ſilk was dipped in a ſolution of 
muriate of tin in diſtilled water, and dried 
in the air; the ſilk, on expoſure to a current 
of the gas, ſcarce underwent any change, 
except a few brown ſpecks diſperſed over its 
ſurface. 

Another bit of filk was immerſed in the 
fame ſolution of tin, and expoſed, while 
wet, to the gas, which no ſooner touched 
the filk, than the ſurface oppoſed to the cur- 
rent was covered with reduced tin of great 
brightneſs : in ſome time various colours, as 


blue, orange, and a faint purple, appeared, 
and 
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and became more evident, as the reduction 
proceeded. 

The gas does not react on this metal ſo 
much as on mercury, and ſome other metals: 
part of the reduced tin remained permanent; 
but moſt of it diſappeared, and left behind a 
difagreeable brown ſtain, 


EXP. II. ARSENIC. 


A bit of ſilk was immerſed in a ſolution 
of muriate of arſenic in diſtilled water, and 
dried in the air; it was then expoſed to a 
ſtream of ſulphurated hydrogen gas; but no 
change f be obſerved, except a faint 
tinge of citron yellow, which appeared on 
ſome parts of the ſilk. 

Another bit of filk was dipped in the 
ſame ſolution of arſenic, and expoſed, while 
wet, to the gas: the arſenic was inſtantly 
reduced all over the ſurface, oppoſed to the 
gas, attended with a citron yellow colour. 

The gas ſoon reacted on the reduced ar- 
ſenic ; and nothing remained but the yellow 
ſlain. ä 


Exp. 12. BrisMUTH. 


I diflolved ſome biſmuth in nitric acid, 
and evaporated the ſolution to dryneſs; the 
ſalt was then diſſolved in diſtilled water, and 
the ſolution depoſited a copious white preci- 
pitate, but retained a quantity of the metal 
{ſufficient for theſe experiments. 
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In this ſolution of biſmuth a piece of filk 
was immerſed, and dried in the air; it was 
then expoſed to a ſtream of the gas : and the 
only viſible effect produced was a very faint 
tinge of brown. | | 

Another bit of ſilk was dipped in the ſame 
ſolution of biſmuth, and expoſed wet to the 
gas: the filk was inſtantly covered with a 
bright pellicle of reduced biſmuth, which 
ſoon loſt moſt of its metallic luſtre, being 
changed by the reaction of the gas to a ſul- 
phure. : 

Mr. Kirwan 1n his experiments on hepatic 
air, found, that nitrous ſolution of biſmuth, ' 
by mixture with a ſolution of hepatic air in 
water, changes to a reddiſh brown, and even 
aſſumes a metallic appearance. 

He alſo found that nitrates of ſilver, lead, 
and acetite of lead, were precipitated black. 


Exp. 13. ANTIMONY. 


A piece of ſilk, which was immerſed in 
a ſolution of tartarite of antimony in diſtilled 
water, and dried in the air, was expoſed to 
a ſtream of the gas; but ſuffered no viſible 
change, except that a few ſpecks of yellow, 
and orange appeared. | 
A bit of filk was dipped in the fame ſo- 
lution of antimony, and expoſed, while wet, 
to the gas; the antimony was immediately 
reduced to its metallic form, attended with 
a deep orange colour : in ſome time, moſt 4 
the 
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by: Reduction by 
the metallic luſtre difappeared, a few ſpecks 
only remaining permanent. 


Exp. 14. Inox. 


A piece of ſilk was immerſed in a diluted 
ſolution of ſulphate of iron in diſtilled wa- 
ter, and dried; it was then expoſed to a cur- 
rent of the gas; but underwent no viſible 
change. | | | 

Another bit of filk was dipped in the 
ſame ſolution of iron, and expoſed, while 
wet, to the gas: the filk ſoon began to ac- 
quire a dark colour, which gradually in- 
creaſed, and, at length, became black, at- 
tended with an obſcure metallic film. The 
ſilk was immerſed in water, and - depoſited 
a bright metallic film on the ſurface of that 
fluid. 


Exp. 15. ZINC. 


A bit of filk, which was immerſed in a 
diluted ſolution of ſulphate of zinc in diſtil- 
led water, and dried in the air, was expoſed 
to a current of the gas; but underwent no 
viſible change. 

Another bit of filk was dipped in the ſame 
ſolution of zinc, and expoſed, while wet, to 
the gas; but no change in the colour of the 
ſilk, or ſign of reduction could be perceived: 
the {ilk was then immerged in a glaſs of clear 
water, and transferred to its ſurface a bright 
metallic film of the colour of zinc, = 


When 
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When a languid ſtream of gas was em- 
ployed in theſe experiments, the films trans- 
ferred to water were ſcarce viſible. 


ExP. 16. ZINC. 


A piece of ſilk, which was immerſed in a 
largely diluted ſolution of muriate of zinc, 
and dried in the air, was expoſed to a briſk 
current of ſulphurated hydrogen gas; but 
underwent no viſible alteration. | 

Another bit of filk was dipped in the ſame 
ſolution of zinc, and expoſed, while wet, 
to the ſame briſk current of gas ; inſtantly 
the ſurface of the filk, oppoſed to the gas, 
was coyered with a bright coat of reduced 
Zinc, attended with faint orange, and purple 
colours. | 

Though the reduced zinc was quite evi- 
dent; yet I had the curioſity to examine its 
appearance on the ſurface of water ; I there- 
fore immerſed the ſilk in a glaſs of that 
fluid, and a bright metallic pellicle, which 
retained the texture of the ſilk, as wax re- 
tains the impreflion of a ſeal, was transferred 
to its ſurface. 

Another bit of ſilk, dipped in the ſame 
ſolution of zinc, and expoſed for a longer 
time to the gas, Joſt its metallic luſtre, the 
Zinc being changed to a ſulphure by the re- 
action of the gas. 

Theſe experiments on ſulphate, and mu- 
rate of zinc, ſhow, that the acid, in which 

the 
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the metal is diſſolved, influences the reduc- 
tion in a remarkable manner... 

It is evident from the experunents - related 
in this chapter, 

1. That water is eſſential to the reduction 
of mou by ſulphurated hydrogen gas. 

That, alcohol does not promote theſe 
ons without the aid of water. 

That ſulphurated hydrogen gas does not 
3 the metals by giving them phlogiſton; : 
nor by- uniting with, aud ſeparating, their 
oxygen: for were either of theſe opinions 
well founded; metallic ſolutions in alcoho 
ſhould be as effectually reduced by this gas, 
as metallic ſolutions in water are. 

When we conſider, that alkaline ſulphure 
reduces the metals by decompoſing water; 
we have every reaſon, to conclude, that ſul- 
phurated hydrogen gas reduces them 1n, the 
ſame manner ;- ſince the ſame circumſtances 
are neceflary to both: the hydrure of _ 
phur, which conſtitutes the baſe of this, 
attracts the -oxygen of the water, while 5 
hydrogen of the latter unites, in its naſcent 
ſlate, with the oxygen of the metal, and re- 
duces it. : 

Hence it follows, that the hydrure of ſul- 
phur is oxygenated by the oxygen of the wa- 


ter, while the metal 1 is reſtored to its com- 
buſtible ſtate. 
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CHAPTER VI. 
REDUCTION or METALS 


BY 


PHOSPHORATED HYDROGEN GAS. 


Tux effects of hydrogen gas and phoſ- 
phorus on the reduction of metals in the 
fibres of ſilk have been treated of ſeparately 
in the two firſt chapters; in this, I ſhall 
briefly treat of their effects, when combined 
in the form of phoſphorated hydrogen gas, 
which from its high degree of inflammability 
ſeemed well adapted to this purpoſe. 

The ſpontaneous inflammation of this kind 
of air was known to M. Gengembre in 17833 
and his experiments were publiſhed in Ro- 
ſier's journal for October 1785. | 

Mr. Kirwan alſo, without any knowledge 
of M. Gengembre's experiments, ditcovered 
the ſame air, which he calls phoſphoric air, 
and publiſhed his experiments in the 76th 
volume of the Philoſophical Tranſactions for 
1786. 

This elaſtic fluid may be obtained by di- 
geſting a ſolution of potaſh in water with 
about half its weight of phoſphorus in a heat 
ſufficient to melt the latter ; and may be re- 
ceived in glaſs veſſels over mercury. 

But finding it inconvenient to introduce 

I pieces 
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pieces of filk prepared for theſe experiments 

over mercury in cloſe veſſels, I expoſed them 

to the gas, as it iſſued from the neck of the 
hial in which it was prepared. 

Part of this elaſtic fluid 1s ſpontaneouſly 
inflammable; but the other has not that pro- 
perty, which M. Gengembre imputes to the 
preſence of carbonic acid ; for the ſake of 
brevity, I thall deſign the latter by the term 
gas, or phoſphorated hydrogen gas; and the 
former by the epithets ſpontaneouſly inſlam- 
mable, or detonating gas, which, I found, does 
not burn or ſcorch filk wetted with metallic 
ſolutions. 


Exr. 1. Gol p. 


A piece of ſilk, which was immerſed in a 
ſolution of nitro-muriate of gold in diſtilled 
water, and ſuſpended in the air twelve hours 
to dry. was divided into three parts. 

One of theſe was expoſed to a ſtream of 
phoſphorated hydrogen gas: the ſilk became 
brown, and its margins, which happened to 
touch the ſides of the phial, acquired a violet 
tinge : but no reduction took place. 

Another of theſe parts was wetted with 
alcohol, and expoſed to the gas ; but no ſigns 
of reduction could be perceived. 

The remaining part was wetted with water, 
and was no ſooner expoſed to the gas, than 
the reduction commenced over the whole ſilk, 
which was ſoon covered with a bright coat of 
reduced gold, 

| Exe. 
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ExXP; 2. SILVER. 


A piece of ſilk was dipped in a ſolution of 
fuſed nitrate of ſilver in alcohol, and dried 
in the air: it was then divided into three 
parts. 

One of theſe, in order to diſſipate moiſture 
more effectually, was dried {till better by 
a gentle heat, and expoſed to the gas; the 
filk acquired a browniſh dark colour : but 
no other alteration could be perceived. 

Another of theſe parts, which was alſo 
better dried by a gentle heat, was wetted with 
alcohol, and expoſed to the gas: the filk ac- 
quired a dark brown colour; but no other 
change could be obſerved. 

The remaining part was wetted with wa- 
ter, and expoſed to the gas: the reduction 
commenced immediately, and in a ſhort time 
the ſilk was covered with reduced ſilver. 


Er. 3. PLATINA. 


A piece of filk was immerſed in a folution 
of nitro-muriate of the ore of platina in diſ- 
tilled water, and dried in the air; it was then 
divided into three parts. 

One of theſe parts was expoſed to the gas ; 
but ſuffered no viſible change. | 

Another of them was wetted with alcohol, 
and expoſed to the gas; but underwent no 
perceptible change. 

The remaining part was wetted with wa- 
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ter, and expoſed to the gas: in about three 
or four minutes, a bright metallic film, of 
great luſtre, appeared on the hide of the ſilk, 
oppoſed to the gas. 

Anotlier bit of filk, which was dipped in 
the ſame ſolution of platina, and expoſed, 
while wet, to the ſpontaneouſly inflammable 
gas, was immediately covered with reduced 
platina, which being transferred to the ſur- 
face of water looked bright as ſilver, and re- 
tained the impreſſion of the ſilk. 


Exy. 4. MERCURY. 


A bit of ſilk, which was immerſed in a ſo- 
lution of nitrate of mercury in diſtilled wa- 
ter, and dried in the air, was expoſed to the 
gas; but underwent no viſible change. 

Another bit of ſilk was dipped in the ſame 
ſolution of mercury, and dried : it was then 
weit:d with alcohol, and expoſed to the gas; 
but no ſign of reduction appeared, 

Another bit of filk was immerſed in the 
ſame ſolution of mercury, and expoſed to the 
gas; the metal was inſtantly reduced all over 
the ſilk; a great variety of beautiful colours 
attending. 

A piece of filk was dipped in a ſolution of 
oxygenated muriate of mercury in diſtilled 
water, and dried in the air: it was then dt- 
vided into two parts. 

One of theſe was expoſed to the gas: no 


change appearing, it was wetted with alco- 
hol, 
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hol, and expoſed again to the gas ; but till 


no alteration could be perceived. 

The remaining yu was wetted with wa- 
ter, and was no ſooner expoſed to the gas, 
than the mercury was reduced over the whole 
ſilk. No colours attended the reduction. 

Mr. Kirwan introduced ſome precipitate 
per ſe to a ſmall portion of phoſphoric air: 
the precipitate ſoon grew black ; and a white 
ſmoke appeared; in two days the precipitate 
remained ſolid ; yet acquired a pale white 
colour, like that of ſteel: the air loſt its 
ſpontaneous inflammability “. 


Exp. 5. COPPER. 


A piece of filk, which was immerſed in a 
ſolution of ſulphate of copper in diſtilled 
water, and dried in the air, was divided into 
two parts, 

One of theſe was expoſed to the gas; but 
no viſible change occurred. 

The remaining part was wetted with wa- 
ter, and expoſed to the gas: in a few minutes 
a browniſh matter appeared in the filk ; but 
nothing metallic could be ſeen: the filk was 
then dipped iv a glaſs of clear water, and 
transferred a ſmall white metallic pellicle to 
its ſurface. 

In another experiment, made with the 
ſpontaneouſly inflammable gas, a white me- 


M. Kirwan, Phil. Tranſ. for 1786. 
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tallic pellicle was immediately formed, at- 
tended with a brown ſtain ; this pellicle re- 
ſembled filver, or a white metal : but the 

s ſoon reacted on it, and formed a diſ- 


agreeable brown matter in the fibres of the 
ſilk. 


Exp. 6. LAV. 
A bit of ſilk, which was dipped in a ſolu- 


tion of acetite of lead in diſtilled water, and 
dried in the air, was expoſed to the gas; but 
ſuffercd no viſible change. 

Another bit of ſilk was immerſed in the 
ſame ſolution of lead, and expoſed, while 
wet, to the gas; but nothing metallic could 
be ſeen: the ſilk, however, on immerſion in 
water, transferred a few minute bright films 
to the ſurface of that fluid. 

In another experiment, made with the de- 
tonating gas, the reduced films were more 
evident. 


Ex. 7. Ti. 
A bit of ſilk, which was dipped in a ſo- 


lution of muriate of tin in diſtilled water, 
and dried in the air, was expoſed to the adtion 
of the gas, without ſuffering any viſible al- 
teration. 

Another piece of ſilk was immerſed in the 
ſame ſolution of tin, and expoſed, while wet, 
to the gas; but no ſigns of reduction could 
be perceived : the filk was then immerſed in 

Water, 
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water, and transferred a delicate metallic film 
to its ſurface. 


Exr. 8. ARSENIC. 


A bit of ſilk, which was immerſed in a ſo- 
lution of muriate of arſenic in diſtilled water, 
and dried in the air, was expoſed to the gas; 
but no change could be perceived. 

Another bit of ſilk, immerſed in the ſame 
ſolution of arſenic, and expofed, while wet, 
to the gas, acquired in a few minutes a brown 
ſtain ; but nothing metallic could be ſeen on 
the filk ; which, however, on being dipped 
in water, transferred a very minute film of 
reduced arſenic to its ſurface. 

In another experiment, made with the de- 
tonating gas, the films of reduced arſenic 
were much more evident, of greater bril- 
liance, and attended with a brown ſtain 


produced in the fibres of the ſilk. 


Exp. 9. Bisuurhk. 


A piece of ſilk, which was dipped in a ſo- 
lution of nitrate of biſmuth in diſtilled water, 
and dried in the air, was expoſed to the gas; 
but no alteration could be obſerved. 

Another bit of filk was immerſed in the 
ſame ſolution of biſmuth, and expoſed, while 

wet, to the gas: the ſilk in two or three mi- 
nutes got a brown ſtain, which gradually be- 
came more intenſe; and a very delicate me- 
tallic film appeared : : the ſilk was then im- 
14 merged 


120 Reduction by 


merged in water, and transferred a bright 
film of reduced biſmuth to the ſurface of that 


fluid: the film retained the impreſſion of the 
ſilk. 


EXP. 10. ANTIMONY. 


A bit of ſilk, immerſed in a ſolution of 
tartarite of antimony m diſtilled water, and 
dried in the air, was ex poſed to the gas; but 
ſuffered no apparent change. 

Another piece of filk was dipped in the 
ſame ſolution of antimony, aud cxpoted, 
while wet, to the gas; but no ſigns ot re- 
duction appeared: the filk was then im— 
merged in water, to the ſurface of whiuch, it 
transferred one ſmall ſpangle. 

This experiment was repeated with the 
detonating gas, which with difficulty pro- 
duced ſome ſparkling films: the ſilk was im- 
merſed in water, and transferred the films to 
its ſurface. 

A white matter was viſible in the fibres of 
the ſilk. 


Exp. 11. CoBALT. 


A piece of filk, immerſed in a ſolution 
of muriate of cobalt, and dried in the air, 
was expoſed to the gas; but ſuffered no vi- 
ſible alteration, 

Another bit of ſilk was dipped in the ſame 
ſolution of cobalt, and expoſed, while wet, 
to the gas: but no ſign of reduction ap- 

I peared; 
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peared; nor did the filk transfer a film to 
water. 

Another bit of filk was immerſed in a ſo- 
lution of nitrate of cobalt, and expoſed, while 
wet, to the detonating gas: no figns of. re- 
duction were viſible for ſome time; but at 
length a few ſmall ſpangles of the metal 
appeared on the ſilk, and were very brilliant, 
and when transferred to water, were ſtill 


more ſo : a white matter could be ſeen in the 
fibres of the filk. 


Exp. 12. IRoN. 


A bit of filk was immerſed in a largely 
diluted ſolution of ſulphate of iron in dit- 
tilled water, and dried: it was then expoſed 
to the action of the gas; but no alteration 
could be perceived. | 
Another bit of filk was dipped in the ſame 

ſolution of iron, and expoſed, while wet, to 
the gas: in a few minutes ſome parts of the 
ſilk acquired a light brown colour; but no 
reduced iron could be ſeen on the ſilk, which 
however transferred a very minute, and de- 
licate film to water. 

This experiment was repeated with a 
ſtrong detonating gas, and a very brilliant 
metallic film about four lines in diameter 
was reduced on the filk accompanied with a 
brown ſtain : but nothing like the black oxid 
of iron appeared, 


Exp. 
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ExP. 13. ZINC. 


A bit of filk, which was immerſed in a 
largely diluted ſolution of muriate of Zinc, 
was expoſed dry to the gas ; but underwent 
no viſible alteration, 

Another piece of ſilk was dipped in the 
ſame ſolution of zinc, and expoſed wet to 
the gas; no figns of reduction appearing, 
the ſilk was immerged in water, and left a 
very minute metallic film on its ſurface, 
which could with difficulty be ſeen. 

The experiment was repeated with the de- 
tonating gas, and a very bright metallic film 
of zinc, four or five lines in diameter, was 
reduced on the ſilk. 

This experiment ſucceeded alſo with a 
largely diluted ſolution of ſulphate of zinc. 

The ſilk, viewed by tranſmitted light, ex- 
hibited a brown ſtain beneath theſe films of 
iron and zinc. 

The experiments detailed in this chapter 
ſhow, 

1. That water is eſſential to the reduction 
of metals by phoſphorated hydrogen gas. 

2. That alcohol does not promote theſe 
reductions, without the aid of water. 

3. That this elaſtic fluid does not reduce 
metals by giving them phlogiſton; nor by 
combining with, and ſeparating, their oxy- 
gen; for were either of theſe ſuppoſitions 
true, it ſhould reduce them as well with al- 
cohol, as with water. 

2 | After 
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After explaining the manner, in which ſul- 
phurated hydrogen gas reduces the metals; 
the mode of agency of phoſphorated hydro- 
gen gas is ſufficiently obvious. 

The gas attracts the oxygen of the water, 
while the hydrogen of the latter unites, in 
its naſcent ſtate, with the oxygen of the me- 
tal, and reduces it. « 

Hence it follows, that the hydrure of 
phoſphorus, which conſtitutes the baſe of 
this gas, 1s oxygenated by the oxygen of the 
water, while the metal is, at the ſame time, 
reſtored to its combuſtible ſtate. 

By hydrure of phoſphorus is meant, a 
combination of hydrogen and phoſphorus, 
containing leſs caloric, than is neceſſary to 


the gazeous ſtate, 
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CHAPTER VII. 


REDUCTION or METALS 


BY 


CHARCOAL. 


FiNDING ſeveral combuſtible bodies, as 
hydrogen, phoſphorus, ſulphur, and com- 
binations of theſe, capable of reducing the 
metals in the ordinary temperature of the 
atmoſphere; I was defirous of knowing, if 
Charcoal alſo poſſeſſed that power. 

Charcoal may be applied with this view in 
ſeveral forms, M. Rouelle has obſerved that 
cauſtic fixed alkali diflolves a conſiderable 
quantity of this ſubſtance. 

Charcoal alſo exiſts in a very attenuated 
{tate in ether, alcohol, gum, &c. 

have examined ſome of its effects on the 
reduction of metals, in theſe different forms, 
in which it probably exiſts combined with 
hydrogen, and alſo ſome of its effects in the 
ſolid form. 


Exp. 1. GOLD. 


A ſmall bit of well burned charcoal was 
ſuſpended by a thread in a phial containing a 
diluted ſolution of nitro-muriate of gold in 


diſtilled 


with %\" 2 
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diſtilled water : ſome air bubbles ſoon appear- 
ed on the charcoal : and in about two hours 
reduced gold was evident on its lower ſurface, 
and increaſed gradually, till the charcoal was 
nearly coated with gold of its proper colour. 

This experiment-was repeated with a rich- 
er ſolution of gold; the reduction did not 
commence near ſo ſoon, nor was the quan- 
tity reduced fo great, or brilliant, as in the 
preceding experiment. 


Exe. 2. GoLD. 


A ſmall bit of charcoal was ſuſpended in a 
ſolution of gold in ether: an efferveſcence 


immediately commenced, and continued for a 


confiderable time : but the ſolution ſuffered 
no change of colour; nor was there a par- 
ticle of the gold reduced. 

] ſhould not be ſurpriſed, if the gold were 
reduced in this experiment, as charcoal con- 
tains a large quantity of water, which it 
powertully attracts from the furrounuding air: 
however not a veſtige of reduced gold could 
be perceived. 

Bits of charcoal were ſuſpended in the 
ſame manner in moſt of the metallic ſolutions 
treated of in this eſſay: no change was per- 
ceived on thoſe immerſcd in folutions of ar- 
ſenic, manganeſe, and fuſed nitrate of filver 
in water: but a bit immerſed in a ſolution of 
the ſame nitrate in alcohol, had parts of it 
covered with bright ſparkling particles, which 


ſeemed 
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ſeemed to vegetate from the charcoal, and 
were evidently reduced filver : for they were 
not ſoluble in water, on the ſurface of which 
the bit of charcoal depoſited ſome ſmall ſpan- 
les of great luſtre. The bits immerſed in 
ſolutious of ſulphate of iron and zinc exhi- 
bited ſome very faint ſigns of reduction. 

But theſe experiments were not repeated, 
nor ſufficiently varied, to enable us to form 
a juſt opinion of the power of charcoal in 
reducing metaly in this way. 

A ſmall quantity of charcoal, reduced to 
fine powder, was digeſted 8 days in a 
ſtrong ſolution of cauſtic potaſh in alcohol; 
the phial was frequently ſhaken to promote 
the ſolution. | 

Some of the clear ſolution, which was of 
a reddiſh colour, was poured into a phial for 
uſe. 


Ex. 3z. GOLD. 


A few drops of this ſolution of charcoal, 
or carbone, were applied to a bit of ſilk; 
after the alcohol evaporated, a ſolution of gold 
in ether was dropped on, and immediately 
produced a brown, which, in about half an 
hour, was changed to a purple hue, owing 
to water attracted from the air; but no other 
ſign of reduction appeared. | 

Another bit of ſilk was immerſed in the 
ſolution of carbone, and when the alcohol 


evaporated, a few drops of an aqueous ſolu- 
tion 
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tion of gold were applied; a brown ſtain was 
inſtantly formed; the filk was kept wet 
with water; the ſtain gradually aſſumed a 
purple tinge, and, in about five minutes, 
ſome reduced gold of its proper ſplendour, 
and colour, appeared: and in ſome time after 
every part of the ſilk, to which the ſolutions 
of carbone and gold were applied, was coated 
with reduced gold, which remained per- 
manent, During the experiment, it is ne- 
ceſſary to keep the ſilk conſtantly wet with 
water. 

If the ſolution of gold be applied before 
the alcohol evaporates, a black precipitate is 
formed, along with the brown ſtain. In an 
experiment made in this manner, a metallic 
film, whitiſh, and obſcure, appeared in the. 
beginning; but ſoon vaniſhed: and in ſome 
time after the gold was reduced of its proper 
colour; and a ſpeck of ruby red appeared on 
the margin. | 

The ſilk viewed by tranſmitted light pre- 
ſented various colours, as purple, blue, aud 
{ome green, 


EXP. 4. | SILVER. 


A few drops of the ſolution of carbone 
were applied to a bit of filk ; when the alco- 
hol evaporated, a ſolution of fuſed nitrate of 
ſiher in alcohol was applied: a light brown 
ſtain was immediately produced in the ſilk; 
but no reduced ſilver could be ſeen. 


The 
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The ſolution of carbone was applied to an- 
other bit of ſilk, and when the alcohol eva- 
porated, an aqueous ſolution of fuſed nitrate 
of ſilver was dropped on: a brown ſtain was 
inſtantly formed, and, in about ten minutes, 
minute films of reduced ſilver were viſible. 

The ſilk was kept wet with water during 
the experiment; and the brown ſtain was 
gradually changed to black. In ſome little 
time the metallic films diſappeared, 

If the ſolution of filver be applied to the 
ſilk, before the alcohol evaporates, black and 
brown precipitates are immediately formed; 
and commonly no reduced ſilver can be ſeen; 
but ſometimes very minute films appear. 


ExP. 5. PLATINA. 


To a bit of filk, which was immerſed in 
a ſolution of nitro-muriate of platina in diſ- 
tilled water, and dricd in the air, a few drops 
of the ſolution of carbone were applied ; but 
no vitible change was produced. 

Another bit of ſilk was dipped in the ſo— 
lution of carbone, and when the alcohol eva- 
porated, a few drops of the ſolution of pla- 
tina were applied : a yellow precipitate was 
immediately formed, and, in about ten mi- 
nutes delicate films of reduced platina were 
viſible: theſe metallic films ſoon vaniſhed; 
and nothing but a yellow ſtain and the preci- 

itate remained. 

A bit of calico, on which this experiment 

was 


- 
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was repeated, transferred a bright film of re- 
duced platina to the ſurface of water. 
During the experiments, the ſilk and calico 


were kept wet with water. 


Exp. 6. MEcu Rv. 


On a bit of ſilk, which was immerſed in a 
ſolution of oxygenated muriate of mercury 
in diſtilled water, and dried in the air, a little 
of the ſolution of carbone was dropped; but 
the ſilk underwent no viſible change. 

Another bit of ſilk was dipped in the ſolu- 
tion of carbone, and, when the alcohol eva- 
porated, a little of the ſame ſolution of mer- 
cury was applied; a yellow precipitate was 
immediately formed; and ſoon after ſmall 
films of reduced mercury appeared on the 
margin of the ſtain. 

This experiment was repeated with a ſolu- 
tion of nitrate of mercury, and the reduction 
of the metal was very evident on the mar- 
gin of the ſtain, which was black: the pre- 
cipitate on the bit of filk was of the colour 
of ſulphur. | 


Exp. 7. CoPPER. 


To a bit of calico, which was immerſed in 

a ſolution of acetite of copper in diſtilled wa- 

ter, and dried in the air, a few drops of the 

lolution of carbone were applied ; but no vi- 
ible change was produced. 

On another bit of calico, which was dip- 
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ed in the ſame ſolution of copper, ſome of 
the ſolution of carbone was dropped: the ca- 
lico acquired a ſlight tinge of brown; it was 
kept wet with water; and, in about twenty 
minutes, ſeveral white metallic films were 
evident. 

A bit of ſilk, on which this experiment 
was made, acquired a beautiful red colour, 
ſimilar to the ruby red, with which copper 
tinges glaſs, and depending on the {ame cauſe, 
viz. the quantity of oxygen combined with 
the metal. 


Exp. 8. LEAD. 


A bit of white calico was immerſed in a 
ſolution of acetite of lead in diſtilled water, 
and dried in the air: then a few drops of the 
ſolution of carbone were applied ; but no vi- 
fible alteration took place. | 

On another bit of the ſame calico, which 
was dipped in the ſolution of carbone, a lit- 
tle of the ſame ſolution of lead was dropped; 
and in a few ſeconds films of reduced lead, 
bright as filver, appeared : - the calico was 
then immerged in water, and transferred a 
continuous pellicle of reduced lead to its ſur- 
face. 25 
This experiment was often repeated both 
on ſilk, and calico: ſometimes the lead is re- 
duced in an inſtant; but at other times five 
or ſix ſecands elapſe, before any reduced lead 
becomes viſible. 

5 I alſo 
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T alſo found, that a ſolution of potaſh in 
alcohol reduces lead; but not ſo ſoon, or ef- 
fectually, or in ſuch quantity, as the former 


ſolution does; but it is evident, that theſe ſo- 


lutions differ only in the quantity of carbone, 
which they contain. 


Exp. 9. TiN. 


To a bit of calico, which was immerſed 
in a ſolution of muriate of tin in diſtilled 
water, and dried in the air, ſome of the ſolu- 
tion of carbone was applied: but no ſigns of 
reduction appeared, nor was the colour of the 
calico much altered. 

On another bit of calico, which was dip- 
ped in the ſolution of carbone, ſome of the 
ſame ſolution of tin was dropped: a white 
precipitate was inſtantly formed, attended 
with bright films of reduced tin: the calico 
was immerged in water; and left a bright 
metallic film on the ſurface of that fluid. 

The ſame experiment ſucceeds on ſilk. 


Exp. 10. BISMUTH. 


A piece of ſilk, which was immerſed in a 
ſolution of nitrate of Biſmuth in diſtilled 
water, and dried in the air, ſuffered no vi- 


Gble alteration, on applying the ſolution of 


carbone. : 
To a bit of calico, which was dipped in 
the ſolution of carbone, a few drops of the 


ame ſolution of biſmuth were applied; and 
K 2 imme- 


= 
Ivo GEARED: 4 £8 * at. 


132 Reductions by 


immediately films of reduced biſmuth were 
evident. The calico was immerged in water, 
and transferred a bright metallic film to its 
ſurface. 

** _— ſucceeded alſo on ſilk. 


ExP. 11. ARSENIC. 


A bit of ſilk was immerſed in a ſolution 
of muriate of arſenic in diſtilled water, and 
dried in the air, then a little of the ſolution 


of carbone was dropped on the filk ; but no 


viſible alteration took. place. 

Another bit of filk was dipped in the ſolu- 
tion of carbone, and when the alcohol eva- 
porated, ſome drops of the ſame ſolution of 
arſenic were applied; and in a ſhort time a 
few minute metallic films were viſible on the 
filk, which, when transferred to water, were 
ſtill more ſo. | 

Tartarite of antimony, treated in the ſame 
manner, transferred a very delicate film, 
ſcarcely viſible, to the ſurtace of water. 


EXP. 12. IRON. 


A bit of calico, which was dipped in a 
largely diluted ſolution of ſulphate of iron, 
and dried 1n the air, ſuffered no perceptible 
change, on applying the ſolution of carbone, 
except a flight tinge of brown. 

Another bit of calico was immerſed in the 
fame ſolution of iron, and placed on a bit of 


deal board, a few drops of the ſolution of 
3 carbone 


T 
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carbone were then applied: the calico was 
kept conſtantly wet with water, and in about 
fifteen minutes films of reduced iron were 
viſible ; the calico was immerſed in water, 
and left a bright metallic film on its ſurface. 


Exe. 13. ZINC. 


To a bit of ſilk, which was dipped in a 
largely diluted folution of muriate of zinc, 
and dried in the air, a few drops of the ſo- 
lution of carbone were applied; but ſcarce 
any alteration of colour, or other vitible 
change, occurred. 

A piece of calico was immerſed in the 
fame ſolution of zinc, and placed on a bit of 
thin deal board, a few drops of the ſolution 
of carbone were then applied: the calico was 
kept conſtantly wet with water; and in about 
fifteen minutes films of reduced zinc were 
evident: the calico was immerged in water, 
and transferred a very bright metallic film of 
the colour of zinc to its ſurface. 

I alſo reduced muriate of cobalt in this 
manner, 


ExP. 14. MANGANESE, 


To a bit of filk, which was dipped in a 


diluted ſolution of nitrate of manganeſe, and 


dried in the air, ſome drops of the ſolutiou 


of carbone were applied ; but nothing * 

ed, except a brown ſtain. 
Another bit of filk was immerſed in the 
1 ſolution 


4 * 
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ſolution of carbone, when the alcohol eva- 
porated, a few drops of the ſame ſolution of 
manganeſe were applied : a brown ſtain was 
ſoon produced; the filk was kept wet with 
water, and in about twenty minutes films of 
reduced manganeſe of a bluiſh white colour 
were evident on the ſilk. 

This experiment did not fucceed with a 
ſtrong ſolution of nitrate of manganeſe. 

The ſame experiment ſucceeds alſo on 
linen, and calico, both with nitrate, and ſul- 
phate of manganeſe ; the reduction 1s attend- 
ed with violet, and purple, colours, ſuch as 
this metal imparts to glaſs, and other ſub- 
ſtances, in which it exiſts combined with 
different proportions of oxygen: this diſ- 
ference 1s the cauſe of the different colours, 
which ſolutions of manganeſe aſſume. 

The bright films of reduced manganeſe 
ſoon diſappear, the cauſe of which has been 
explained in the firſt chapter of this eſſay: 
the explanation there offered is confirmed by 
the following facts. 

Regulus of Manganeſe,” fays Mr. Berg- 
man, when well fuſed generally perſiſts in 
* a dry place, but ſometimes undergoes 
„ ſpontaneous calcination, and falls down in 
* a browniſh black powder.” 

«© Moiſture, but particularly the acceſs of 
aerial acid, aſſiſts this operation. A ſmall 
piece, put into a dry bottle, well corked, 
remained perfect for the ſpace of fix 


months, but afterwards, expoſed to the 
- 6 open 
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open air of a chamber for two days, con- 
& tracted a browneſs on its ſurface, together 


« with ſo much friability as to crumble be- 


& tween the fingers. The internal parts, 
% however, retained an obſcure metallic 
e ſplendour, which diſappeared in a few 
& hours *.“ 

I ſhall now relate a few experiments made 
with ether, alcohol, and gum. | 


Exp. 15. GoLD. 


I evaporated a ſolution of gold in nitro- 
muriatic acid to dryneſs, and diſſolved the 
falt in pure alcohol : the ſolution was poured 


into a phial carefully dried in hot ſand, and. 


rinced with pure alcohol : the ſolution filled 
about 3 of the phial, which was carefully 


corked, and though it was nine months ex- 


poſed to the gray light, no films of reduced 


gold appeared. 

Part of the ſame ſolution was poured into 
a phial, and diluted with water; films of re- 
duced gold ſoon appeared. 


Exy. 16. Gon. 
A phial half filled with a ſolution of gold 


in ſulphuric ether was expoſed nine months 
to the gray light; but no films of reduced 
gold were produced. 


Chem. Eſſay, Vol. II. p. 206 and 207. Eng. Fran. 
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On a bit of ſilk, which was dipped in part 
of the ſame ſolution of gold, and expoſed to 
the gray light, and kept wet with water, re- 
duced gold appeared in the ſpace of a few 


hours, 


Exe. 17. GoLD. 


mixed an aqueous folution of gold with a 
tolution of gum arabic in diſtilled water, in 
ſuch proportion, as to prevent the ſolution 
from ſpreading in the filk. 

With this ſolution J drew ſeveral ſtripes 
on a piece of ſilk, and x5 ag it to the gray 
light of a chambre : in ſome time the gold 
was reduced attended with blue, and purple, 
colours. 1 oe 

Similar ſtripes were drawn on another piece 
of ſilk, which, after the ſtripes became ſuf- 
ficiently dry, was placed over the vapour of 
hot water ; and in about fifteen minutes the 
gold was reduced in a beautiful manner, 

This ſolution was applied to another bit of 
filk, which, after it became ſufficiently dry, 
was placed between the leaves of a blank 
book, to exclude the action of light; the 

Id, after ſome time, was reduced. | 

I found that ſmall ſtripes, and ſpots, made 
with this jolution, were reduced by breathing 
on them for ſome time. : 

Sugar alſo, mixed with the ſolution of gold, 
promotes the reduction; but not ſo well as 


gum, 


A bit 
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A bit of filk was dipped in a ſolution of 
nitrate of filver in diſtilled water, and'ex poſed, 
while wet, to the ſmoke of a common fire; 
in a ſhort time reduced ſilver appeared. 

The ſollowing inferences are deducible 
from the experiments related in this chapter. 

1. Charcoal is capable of reducing the me- 
tals in the ordinary temperature of the at- 
moſphere. 

2. Water is eſſential to the reduction of 
metals by charcoal: for theſe experiments 
proye, that the reduction canuot be effected 
without water. 

Charcoal does not reduce the monty by 
giving them phlogiſton ; or by uniting with, 
and ſeparating, their oxygen; for were. either 
of theſe opinions true, metallic ſolutions in 
ether, and alcohol, ſhould be as effectually 
reduced by charcoal, as metallic ſolutions in 
water are. 

4. Ether, and alcohol do not promote the 
reduction of metals without the, aid of wa- 
er: but when this is preſent in ſufficient 
quantity, they effect the reduction, in the 
{ame manner, that charcoal, and other com- 
buſtible bodies do. 

It is evident then that charcoal reduces the 
metals by decompoſing water; which ſeems 
to be effected in the following manner. 

The carbone of the charcoal attracts the 
oxygen of the water, while the hydrogen of 
the latter unites, in its naſcent ſtate, with 
the oxygen of the metal, and reduces it. 

Hence 
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Hence it follows that the carbone is oxy- 
genated by the oxygen of the water, and forms 
carbonic acid, while the metal is reſtored to 
its combuſtible ſtate. 

This explanation is ſupported by the fol- 
lowing fact: M. Gengembre has obſerved, 
that if charcoal be immerſed in water, and 
kept at a temperature of 30 degrees of the 
thermometer of M. De Reaumur, the water 
is gradually decompoſed, and inflammable 
gas is formed &. | | 

That charcoal effects the reduction of me- 
tals, in high degrees of heat alſo, by decom- 
poſing water, is evident from the following 
obſervations. | 

The great force with which charcoal at- 
tracts water is a fact ſufficiently eſtabliſhed ; 
Dr. Prieſtley is ſo convinced of this, that he 
expreſſes himſelf in the following ſtrong 
terms. I did not know, nor could believe 
„the powerful attraction, that charcoal, or 
„ iron, appear to have for water; when they 
are intenſely heated, they will find, and 
e attract it in the midſt of the hotteſt fire 
through any pores in the retort +.” 

Now ſince water is eſſential to the reduc- 
tion of metals in low degrees of heat; and 
fince that fluid is always preſent, when me- 
tals are reduced by charcoal in high degrees 
of heat; it is manifeſt, tliat charcoal acts in 


Eſſay on Phlogiſton, new Ed. by M. Kirwan, p. 61. 
+ Phil. Tranſ. 1785. Vol. LXXV. p. 289. 
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the ſame manner in both theſe temperatures; 
and ſince water is eafily, and inſtantly, de- 
compoſed by charcoal at a red heat, as the 
Antiphlogiſtians themſelves allow]; it clearly 


follows that their theory of metallic reduc- 


tion is erroneous : for ſince the water is in- 
ſtantly decompoſed by the charcoal, it is a 
neceflary conſequence, that its carbone muſt 
unite with the oxygen of the water, while 


the hydrogen of the latter unites, in its naſ- 


cent ſtate, with the oxygen of the metal, and 
reduces it, forming a new quantity of water 
equal to that decompoſed : this new _—_ 
of water may be decompoſed in its turn: ſo 
that a thimble full of water would be ſuffi- 
cient to reduce any quantity of metal; pro- 
vided the water were prevented from eſcaping, 
and time enough allowed. 

Beſide this | cnn of water, the air of the 
atmoſphere, which contributes to ſupport the 


fire 18 an inexhauſtibte magazine of water: 


and the hotter the air is, the more water 1t 
holds in ſolution ; as M. Le Roy has demon- 
ftrated*®, Moreover all metallic oxids and 
ores contain a large proportion of water. 
From this view it appears, that the man- 
ner, in which charcoal, and other combuſtible 
bodies, effect the reduction of metals, is by 
afſiſting to decompoſe water, the hydrogen 


* FI. Nat. Hiſt. & Chem. Eng. Tranſ. in three vo- 
lumes, p. 163. Yol. I. | 
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of which i is therefore the only reducer of the 
metals. 

In order to point out the difference between 
this opinion, and that of the Antiphlogiſ- 
tians, I ſhall preſent the reader with M. La- 
voiſier's idea of metallic reduction. 

„It can not be doubted,” ſays that cele- 
brated chymiſt, that charcoal at a red heat 
takes oxygen from all metallic ſubſtances : 
„this is a fact againſt which no exception 
& can be made: and it is the foundation of 
* the whole theory of metallic reduction.“ 

But the experiments in this eflay demon- 
ſtrate, that this aſſertion is erroneous in every 
inſtance of metallic reduction: for ſo far is 
it from being true, that charcoal takes oxy- 
gen from all metallic ſubſtances, that it never 
does ſo in one ſingle inſtance ; ſince its car- 
bone always unites with the oxygen of the 
water, the hydrogen of which unites imme— 
diately to the oxygen of the metal, and re- 
duces it. 

« But this action of charcoal on oxygen,” 
adds M. Lavoiſier, this property, which it 
e poſſeſſes of taking it from metallic ſub. 
„ ſubſtances, is not ſo ſtrong in the cold, as 
at a red heat, ſince we are unacquainted 
„with any metallic reviviſication effected by 
charcoal without heat *.“ 

It is evident that this mode of reaſoning is 
no longer of any weight; ſince charcoal does 


* El. on Phlog. a new Ed. by M. Kirwan, p. 60. 
reduce 
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reduce metals in the ordinary temperature of 
the atmoſphere. 

The reaſon charcoal is more. powerful in 
high degrees of heat, than other reducers of 
the metals, is its great fixity in the fire, and 
the immenſe force, with which it attracts, 
and impriſons water in its pores : thus pre- 
venting its eſcape till it be decompoſed by 
an affinity, which is much more complex than 
has been hitherto imagined. 

Anotuer reaſon of the ſuperior power of 
charcoal in ractallic reduction 1s, that it forms 
a volatile elaſtic fluid with the oxygen of the 
water, which flies off ; and conſequently does 
not react on the metal, or diſturb, or impede, 
by its preſence, the action of the reducing 
powers: advantages that phoſphorus, or any 
other combuſtible ſubſtance, which forms a 
fixed acid, that reacts on the metal, can never 
poſſeſs. 
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CHAPTER VIII. 


REDUCTION or METALS 
BY 


LI. 


Tre next ſubſtance, I ſhall treat of, is 
Light, which ſeems well adapted to illuſtrate 
the theory of metallic reduction; as in ex- 
periments made with this ſubſtance, water 
can be more effectually excluded, than in 
trials with any other reducer of the metals. 

Before any deciſive experiments could be 
made on light, or indeed any other reducer 
of the metals, it is obvious that we ſhould 
firſt aſcertain the effects of water itſelf in the 
ordinary temperature of the atmoſphere: to 
determine this point, the two following ex- 
periments were made. 


Exp. 1. GOLD. 


A piece of ſilk was immerſed in an aqueous 
ſolution of nitro-muriate of gold, and ſuſ- 
pended in a phial over water: the phial was 
corked, covered with black ſilk, and placed 
in a dark cloſet, to prevent the action of 
light. The experiment was continued from 


the 20th of July to the 2oth of October, 
during 


8 
8 
d 
f 
n 
'y 
8 
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during which time the filk was roquany 
obſerved, and found to continue moiſt ; but 


no alteration could be perceived, except that 


the yellow colour, which the ſolution of gold 
gave the ſilk, was changed to a light brown. 

The filk was now taken out of the phial, 
and a ſolution of phoſphorus 1n ether applied 
to it : ſhortly after, a white metallic film ap- 
peared : the filk was then kept wet with 
water, and in ſome time, reduced gold of its 
proper colour appeared. 


Exp. 2. SILVER, 
A bit of ſilk, which was dipped in an 


aqueous ſolution of nitrate of ſilver, was ſuſ- 
pended in a phial over water, and placed in 
a dark cloſet, from the 2oth of July to the 
zoth of October, and examined from time 


to time; but no alteration could be obſerved; 


its white colour continued pure, and un- 
changed. k 

The ſilk was now taken out of the phial, 
and the ſilver was immediately reduced by 
means of a ſolution of phoſphorus in ether. 

Hence it appears, that water alone has not 
the power of reducing metals in the ordinary 
temperature of the atmoſphere, 


ExP. 3. GoLD, 


On the 24th of July a piece of ſilk was 
immerſed in a ſolution of nitro-muriate of 
gold in water, and dried by a gentle heat; it 

was 
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was then' ſuſpended i in a window, expoſed to 
the ſunbeams, as much as poſſible : nochange 
was perceived on it, till the 26th, when the 
margin of the ſilk began to aſſume a purple 
tinge, which increaſed gradually, aud on the 
29th exhibited a few obſcure ſpecks of reduced 
gold on the ſide of the filk oppoſed to the 
light. 

The purple tinge continued to increaſe, 
and the yellow, Which the ſolution of gold 
gave the ſilk, decreaſed gradually, till on the 
27th of Auguſt the colour was a mixture of 


. and light brown, 


The reduQtion of the gold ſeemed to keep 
pace with theſe changes 'of colour, and was 
very evident on ſome parts of the filk even 
in the gray light; but much more fo in ſun- 
ſhine : theſe changes were obſerved till the 
zoth of October; "the experiment was then 
diſcontinued ; and ſcarce any reduced gold 
could be ſcen on the fide of the filk not op- 

oſed to the light. | 

That this flight reduction of the gold, and 
changes of colour in the ſilk, depended on 
water abſorbed from the air af the chambre, 
will appcar trom the following experiments. 


ExP. 4. Gol. 


A bit of ſilk, which was dipped in the 
tolution of gold employed in the preceding 
experiment, was dried, and ſuſpended in a 


cryſtal phial over dry carbonate of potaſh: 
the 
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the phial was then corked, and further ſe- 
cured from external humidity by covering the 
cork with wax: it was now placed in a dark 
cloſet 24 hours, 'that the carbonate of potaſh 
might have ſufficient time to attract all the 
moiſture, it could, from the air of the phial, 
before expoſing it to the action of light. 

The phial was then placed in a window, 
expoſed, as much as poſſible, to the ſolar 
light, from the 24th of July to the 2oth of 
October, and carefully obſerved: the ſame 
fide of the ſilk was always oppoſed to the 
light, and had the yellow tinge, which the 
ſolution of gold gave, altered to a browniſh 
yellow: but the other fide of the filk ſuffered 
no viſible change whatever; nor could any 
purple tint, or the ſmalleſt veſtige of reduced 
gold be perceived, 

Another bit of filk, which was immerſed 
in the ſame folution of gold, and dried by a 
gentle heat, was ſuſpeaded over tome dry 
carbonate of potaſh, contained in a cryital 
phial covered with black ſilk, and placed in a 
dark cloſer, during the fame {pace of time, 
underwent no viſible change whatever, 

Both theſe bits of ſilk were now taken out 
of the phials, and the gold was iuſtantly re- 
ſtored to its metallic ſplendour by means of 
water and a ſolution of phoſphorus in ether: 
a proof that the nitro-muriate of gold, in 
theſe bits of ſilk, ſuffered no change, during 
that ſpace of time. 3 5 
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Exp. 5. GoLD. 


A piece of ſilk, which was dipped in the 
ſame ſolution of gold, and placed on a china 
plate expoſed to the ſunbeams, was kept mo- 
derately wet with water during the expe- 
riment : the firſt alteration obſerved was, 
that the yellow colour of the filk began to 
change to a faint green, ſucceeded by a pur- 
= tinge, which in about fifteen minutes ex- 

ibited ſome particles of reduced gold : ſoon 
after the 'threads of the filk, which acquired 
this purple tint, were gilded with gold ; and, 
in about an hour, the whole of the filk was 
covered with a ſuperb coat of reduced gold, 
exhibiting the texture of the ſilk in a beau- 


tiful manner. 


The purple tinge, which attended the re- 
duction verged in ſome parts on red, aud in 
others on blue. 

This experiment, which is very amuſing, 
I have repeated times unnumbered : and 


- when the ſun 1s powerful, and the ſolution of 


gold properly prepared, and of due ſtrength, 
the coat of reduced gold is ſo bright, and 
dazzling, as to diftreis the eye of the be- 
holder. 

I find, that the beſt way of preparing a 
ſolution of gold for this purpoſe ts to ſeparate 
the oxid of gold from its ſolution in nitro- 
muriatic acid by means of good ether. 

The filk may be dipped in this G— 

an 
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and when the ether evaporates, kept mode- 
rately wet with diſtilled water. 
It was with this ſolution in ether that I 


firft reduced gold in the fibres of filk, and it 


was by means of the fame, I diſcovered, that 
water was a neceflary condition in theſe re- 


ductions by light. 


Exp. 6. Gol p. 


A bit of ſilk, which was dipped in a ſolu- 
tion of nitro-muriate of gold in alcohol, and 
placed on a china ſaucer, expoſed to the ſun- 
beams, was kept wet with alcohol for the 
ſpace of an hour; but no change even in the 
colour, which the ſolution of gold gave the 
lk, could be perceived. 

The alcohol diffuſed the ſolution of gold 
unequally through the filk : the rays of the 
ſun being intercepted, ſuſpended the expe- 
riment : there was no ſunthine on the fol- 
lowing day: on the third day the ſilk was 
again expoſed to the ſunbeams, and kept wet 
with alcohol, which extracted a yellow tinc- 
ture ; a proof that the gold in the filk ſuf- 
tered no degree of reduction: the ſun ſhone 
pretty ſtrong for an hour, or more ; and, at 
length, a faint tinge of purple, followed by 
tome reduced gold, Euerm! 

The preceding experiments leave us no 
room to doubt, that the purple tinge and the 
{mall quantity of reduced gold, that appeared 


in this experiment, depended on water at- 
L 2 tracted 
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tracted from the air, or depoſited in the ſilk 
by the alcohol during, its evaporation. 

Mr. Scheele reduced a ſolution of nitro- 
muriate of gold in water by expoling, it in a 
phial for a fortnight to the rays of the ſun *. 

Mr. Lewis alio made many experiments 
on the ſtaining of marble, and other ſub- 
ſtances with metallic ſolutions, and lightÞ. 


Exr. 7. SILVER. 


A picce of ſilk, which was immerſed in a 
ſolution of nitrate of filver in water, was 
dried by a gentle hcat, and expoſed to the 
Iight of the ſun as much as poſhble in the 
window of a chambre from the 2oth of July 
to the 20th of October. 

In leſs than an hour the ſilk endl a 
reddiſh brown colour : next day the colour 
became more intenſe, and gradually increaſed, 
till, on the third day, it bordered on black, 
which increaſed flowly : at length part of it 
became gray, and a few minute particles of 
reduced filver could be diſtinguiſhed : the 
black tinge gradually ditappeared, and the 
filk was of a reddiſh brown colour : the re- 
duced filver had a gray caſt. 

The following experiments demonſtrate, 
that the changes of colour, and the few par- 
ticles of ſemireduced ſilver di pended on water 
attracted from the atmoſphere. 


* Experiments on Air and Fire, Eng. Tranf. p. 82. 
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Exp. 8. SILVER. 


A bit of ſilk was immerſed in part of the 
ſame ſolution of nitrate of ſilver in water, 
and dried in the dark: the filk retained its 
white colour: it was then ſuſpended over dry 
carbonate of potaſh in a cryſtal phial, which 
was corked, and ſecured from the ingreſs of 
moiſture by covering the cork with wax. 

The phial was left in a dark cloſet 24 hours, 
that the ſalt might imbibe as much moiſture 
is poſſible from the filk, and air. 

The phial was then placed in a window, 
expoſed, as much as poſſible, to the rays of 
the ſun, from the 24th of July to the 2oth 
of October: the ſilk ſcarcely ſuffered any vi- 
ſible change, except a very faint tinge of red- 
diſh brown; which was beſt ſeen by tranſmitted 
light; for the ſilk viewed by reflected light 
appeared nearly white: but that even this 
tinge, flight as 1t was, depended on a minute 
quantity of moiſture, which the carbonate of 
potaſh was unable to extract, appears from 
the next * 


xe. 9. SILVER. 


A piece of ſilk was dipped in a ſolution of 
fuſed nitrafe of filver in alcohol, and care- 
fully dried: it was then ſuſpended over a 
quaytity of concentrated ſulphuric acid in a 
cryſtal phial, which was coated with a double 
fold of black paper, and gum arabic, reach- 


a | ing 
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ing ſomewhat above the level of the acid, to 
prevent the light from acting on it: the phial 
was corked, and to exclude moiſture more 
effectually, the cork was covered with wax. 
The phial was now placed in a dark cloſet 
24 hours, that the humidity of the encloſed 
filk and air might be attracted by the acid: it 
5 was then placed in a window, expoſcd as 
. much as poſſible to the rays of the ſun, from 
qt 
4 


the 19th of july to the 26th of October: but 
the {Ik underwent no viſible change what- 
ever: its white colour remained pure, and 
unaltered. 

The ſilk, at the end of this pert: d, was 

taken out of the phial, and wetted with was 
ter: a ſolution of phoſphorus in ether was 
| then applied to it; aud inſtantly te metallic 
b ſplendour of the ſilver appeared. 
1 Another bit of ſilk, which was immerſed 
in a ſolution of nitrate of filver in water, and 
„ dried in the dark, was ſuſpended over dry 
" carbonate of potaſh in a phial, and placed in a 
11 dark cloſet about two months: the ſilk un- 
| derwent no viiible alteration whatever: its 
white colour remained pure. 

I was deſirous of knowing, if the nitrate of 
ſilver in this bit of filk ſuffered any change, 
that might render it incapable of reduction: 
I therefore took it out of the phial, and di- 
vided it into two parts: one of theſe was 
wetted with water, aud. the filver was in- 
ſtantly reduced by a ſolution of phoſphorus 
in ether. The other part, which was ſuſ- 

pended 
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pended in a window, expoſed to tlie air of the 
chamber, and rays of the ſun, ſoon acquired 
a reddiſh brown colour, 

Hence it is evident, that theſe changes of 
colour indicate partial reductions of the me- 
tal; and that they never happen without the 
preſence of water. 


Exp. 10. SILVER. 


A bit of ſilk, which was dipped in a ſo- 
lution of nitrate of ſilver in water, was placed 
on a China ſaucer, expoſed to the rays of the 
ſun, and kept moderately wet with water: 
in a few minutes the white colour of the filk 
was changed to a reddiſh brown, which by 
degrees became darker ; and, in about three 
or four hours, though the ſolar rays were 
often languid, and intercepted, acquired a 
blackiſh gray colour, moſt of the reddiſh 
brown having diſappeared : next day there 
was no ſunſhine ; but towards the evening 


particles of reduced ſilver were viſible on the 
ſide of the filk oppoſed to the light. 


EXP. 11. SILVER. 


A bit of filk, which was immerſed in a ſo- 
lution of nitrate of ſilver in alcohol, and ex- 
poſed to the beams of the ſun, as in the pre- 
ceding experiment, was kept moderately wet 
with alcohol; but reſiſted the action of the 
light much longer than the preceding : how- 


ever, in ſome time, ſpecks, and lines, of a 
| | L 4 reddiſh 
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reddiſh brown, began to appear on ſome parts, 
of the ſilk : next day, though there was no, 
ſunſhine, the reddiſh brown colour increaſed 
a little: on the third day, it became more in- 
tenſe ; but no black, or gray colour, or par- 
ticle of reduced ſilver, could be obſerved. . 

Whoever compares this with the preceding 
experiments, can have no doubt that the 
changes of colour, which appeared in this 
experiment, depended on water attracted from 

the air, or depoſited in the filk by the alco· 
hol during its evaporation. 

The experiments detailed in this Chapter, 
prove beyond the power of contradiction, * 

1. That water is eſſential to the reduction 
of metals by light: for theſe experiments de- 
monſtrate, that the reduction can not take 
place without water, and that it is always in 
proportion to the quantity of that fluid pre- 
ſent. 

2. That hight does not reduce metals by 
giving them phlogiſton, as Meffrs. Macquer 
and Scheele ſuppoſed; for were this opinion 
true, light ſhould reduce them without the 
ald of water, and as well with alcohol as with 
water. 


2, Light 1 reduce metals by fufing 


' 


an expelling their oxygen, as the antiphlo- 
giſtiaus imagine; for were this its mode of 


agency, the reduction ſhould happen without 
the athitance of water, and as well with alco- 

hol as with water. 
4. Light 1s a combuſtible body; for it acts 
hike 


Light.” 7 153 


like hydrogen, phoſphorus, ſulphur, and char- 


coal, in the reduction of metals. 
Since water then is eſſential to the. reduc- 
tion of metals by light, and ſince light does 
not reduce metals by giving them phlogiſton, 
nor by fuſing, and expelling their oxygen, it 
follows, thatithe water is either decompoſed, 


or that. it unites with metallic. earths, and 


conſtitutes their phlogiſton, or that it unites 
with, and ſeparates their oxygenous principle : 
but as the two laſt ſuppoſitions are inadmiſ- 
ſible, it is obvious that light reduces the me- 
tals by decompoling water. 

After explaining the manner in which other 
combuſtible bodies reduce the metals by de- 
compoling water; it will not be difficult to 
explain how light too produces the ſame et- 
fect. 

But in order to facilitate the explanation, 
it muſt be premiſed, 

1. That it is a law of attraction, that, when 
any body is deprived, to a certain degree, of 
another, for which it has a ſtrong affinity, 
the attraction of the former for the latter is 
much increaſed. > 

That light has a ſtrong attraction for 
OXY rgen, or the bale of vital air. 

That when oxygen is condenſed, and 
b 80 3 in any ſubſtance, it contains muck lets 
light, and caloric, than it does in the gazeous 
late. 

4. That the oxygenous ind exiſts in 
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water in this condenſed ſtate, and conſe- 
quently has a ſtrong attraction for light. 
Therefore, when light reduces the metals, 
it attracts the oxygen of the water, while the 
hydrogen of the latter unites, in its naſcent 
ſtate, to the oxygen of the metal, and re- 
duces it, forming at the ſame time a quan- 
tity of water equal to that decompoſed. 
Hence it follows that the light is dxyge- 
nated, and changed into vital air, while the 
metal is reſtored to its combuſtible ſtate. 
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CHAPTER IX. 
RNEDUCTION or METALS 


BY 


ACIDS. 


TIT is well known that ſolutions of gold 
throw up films of the reduced metal to the 
ſurface of the fluid, and ſides of the phials 
that contain them, 

It has been ſhown, chap. 7th, that this 
effect depends on the preſence of water, which 
is further illuſtrated by the following expe» 
riments. 


Exp. 1. SILVER. 


A dram of ſaturated ſolution of nitrate of 
ſilver in diſtilled water was mixed with half 
an ounce of vinegar, in a few minutes, a pre- 
cipitate was formed: the whole was then 
poured on a filter, and waſhed with diſtilled 
water : the precipitate acquired a bluiſh gray 
metallic appearance : the liquor, which paſſed 
the filter, got a brown colour, and became 
blackiſh : next day bright films of reduced 
ſilver floated on the liquor; and in ſome 
months after, a conſiderable part of the inner 
{ſurface of the phial was coated with yo 

ſilver. 
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ſilver. Diſtilled vinegar did not produce this 
effect. 


WV 


4 ; / 
Exp. 2. PLATINA. 


If a ſolution of the ore of plarina in nitro- 
muriatic acid be evaporated to dryneſs ; and 
the ſalt diflolved in water, films of a livid 


white metallic appearance are thrown up to 
the ſurface. 


Exp. 3. Ti. 


1674 


Some tin, which was diſſolved in a china 
cup in muriatic acid, and evaporated to dry- 
eſs, was diſſolved in diſtilled water; imme- 
diately white metallic films appeared on the 
ſurface of the liquor; and after ſome hours, 
the whole ſurface of the ſolution was covered 
with a continuous metallic pellicle, which 
reflected all the colours of the raiubow, in a 
bea :utiful manner. 


— 


Te &«- 1 


„ bExe. 4. Mrncunv 


Ar, Bergman, favs, &.calcined mercu) y is 
reduced by digeſtion! in acid of ſalt; but 
the cauſe has not yet been ſufficiently ex- 
plored *. 

As this red1i;Aion of mercury by muriatic 
acid 1 18 d. eN ted pf by: tome; ; I ma de. is fal; 
lo wing C Aperiment. 


: p Flee, . Eng. Tran. p. 223. 
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A quantity of precipitate per ſe was put 
into a china cup, placed on hot ſand, and ſome 
muriatic acid was poured on it: the oxid was 
gradually diſſolved, and the digeſtion con- 
tinued, till the acid was nearly evaporated: 
ſome diſtilled water was then poured on the 
falr, and minute films of a bright metallic 
appearance floated on the ſurface. 

A nitrate of mercury was evaporated. to 
dryneſs; the falt acquired a slight tinge of 
yellow ; the cup was removed from the hot 
land, and ſome water. poured on the ſalt: im- 
mediately bright films of reduced mercury 
appeared; and in about three or four hours 
the whole ſurface of the ſolution was covered 
with a metallic pellicle, parts of which had 
the.colour and ſplendour of the metal; and 
other parts reſtected a wonderful variety of 
the moſt beautiful colours. 


Exp. 5. ARSENIC. 


A quantity of white oxid of arſenic aud 
muriatic acid was digeſted in the ſame man- 
ner in a china cup; a ſmart heat was conti— 
nued, till moſt of the acid evaporated, and 
lett- behind a maſs of the conſiſtence of tar: 
tae ſurface of which had a gray appearance; 
atter it cooled, fome diſtilled water was pour- 
cd on, it diffuſcd.a ditagrecable fineil, aud 
films of reduced arſenic were thrown up to 
the ſurface; theſe were for fore time re— 
markably bright, but ſoon became of a dull 

gray 
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gray colour, owing to the rapid tendency of 
this metal to ſpontaneous calcination. 


Exe. 6. MaNGANEsE. 


Some concentrated ſulphuric acid was pour- 
ed on a quantity of the black oxid of manga- 
neſe in a china cup, placed on hot ſand : an 
efferveſcence was viſible, but no ſulphurous 
acid gas was exhaled : the cup was removed 
from the ſand, before any perceptible. quan- 
tity of the acid evaporated : then ſome water 


was poured on the mixture: and inſtantly 


the ſurface of the fluid was covered with 
very brilliant metallic films: and, at the ſame 
time, the ſolution acquired a roſe colour. 
Some of the ſame oxid of. manganeſe was 
diflolved in nitric acid, in which a bit of 
ſugar was put: the ſolution was poured into 
a china cup, placed on hot ſand, and, as the 


evaporation proceeded, bright metallic films 


appeared on the ſurface. 

Mr. Bindheim of Moſcow relates, that he 
reduced the acrated calx of manganeſe dit- 
ſolved in nitrous acid: * the ſolution was 
„ placed upon an open fire in a glaſs re- 
« tort *. 

Happening to pour out a very largely di- 
luted ſolution of ſulphate of iron, I was ſur- 
priſed to find the flags of the court jn an 
hour or two after, covered with large films 


* Crell's Chem. Jour, Vol. II. p. 48. Eng. Tranſ. 
of 


Acids. 1:59 


of a livid white metallic aſpect: theſe films, 
after the water evaporated, remained on the 
flags ſeveral days. 

In conſequence of this I poured a largely 
diluted ſolution of ſulphate of iron into ſe- 
veral ſhallow veſſels, and always found the 
ſurface of the ſolution covered with abun- 
dance of bright metallic films. 

I alſo found that a largely diluted ſolution 

uriatg-of zinc throws up bright metallic 
erin ſurface, NIE 

The reduction of metals by acids is a very 
convincing proof of the decompoſition of 
water, and Gow inexplicable on any other 
principle. 

The reduction and calcination of metals by 
heat and electricity are naturally explained on 
the ſame principle: Doctor Prieſtley informs 
us in his Hiſtory of EleQricity, Vol. I. p. 344, 
that S. Beccaria revived ſeveral of the metals 
by the electric ſhock. It is obvious that the 
clearic fluid produces this effect in the ſame 
manner, that other combuſtible bodies do, 
viz. by decompoſing water. When the red 
oxid of mercury is reduced in cloſe veſſels 
by heat; the latter attracts the oxygen of the 
water, contained both in the oxid, and in the 
air of the veſſels, while the hydrogen of the 
water unites to the oxygen of the mercury, 
reduces it, and forms a quantity of water 
equal to that decompoſed. 

It is found, that if light and caloric act 
both at the ſame time, the reduction is — 
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with more facility, than if either acted ſepa- 
rately : in this cate, the ſuperior efficacy of 
the combined action ot light, and caloric re- 
ſembles that of other compound reducers of 
the metals; as that of ſulphurated hydrogen 
gas, phoſphorated hydrogen gas, alkaline 
fulphure, &c. which are more powerful than 
ſimple hydrogen gas, ſulphur, or phoſphorus. 

This ſuperior efficacy of compound re- 
ducers, is ſimilar to wh:t happens with ſome 
other combinations of combuſtible bodies, as 
pyrites, pyrophori, a mixture of lead and tin, 

7c. which have a more powerful attraction 
for oxygen, than any of their ingredients, in 
a ſeparate ſtate. 

Other acids, as the gallic, the tartarous, 
the formic, &c. and alto alkalis, as ammonia, 
and ſoda, have the power of reducing ſome 


of the metals, facts well known to chymiſts. 


Cllab- 


BE jw WW a. | EE. le. 


Oxygenation. 161 


CHAPTER X. 


OXYGENATION 
OP 


 COMBUSTIBLE BODIES. 


Ir has been ſhown, in the preceding chap- 
ters, that water is eflential to the reduction 
of metals; that it is always decompoſed in 
that proceſs ; and that the reducing ſubſtances 
are oxygenated by the oxygen of the water, 
while the hydrogen of the latter reduces the 
metals, 

That water is alſo decompoſed in every in- 
ſtance of oxygenation, and that the oxygen 
of water alone oxygenates combuſtible bo» 
dies, will appear from the following obſer- 
vations. 


AZOTE. 


The firſt caſe of oxygenation, we ſhall 
conſider, is that of azote, in an experiment 
of Dr. Prieſtley, which has been urged by 
Mr. Kirwan with great ſucceſs againſt the 
Antiphlogiſtians. ; 

« [f the electric ſpark be taken in nitrous 


* air, it wilt be reduced to 4 of its bulk, 


and the reſiduum is mere phlogiſticated 
Wk M 


4% air, 
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« air, and a little acid is depoſited. Now 
% the Antiphlogiſtians own that nitrous air 
contains both pure air and phlogiſticated 
« air; ſince, therefore, this pure air diſap- 
« pears, is it not evident that it was con- 
*« yerted into water? and ſince the formation 
© of water requires the preſence of inflam- 
% mable air, does it not follow that the ni- 
„ trous air contained this alſo ® ?”” 

To this objection M. Berthollet replies, 
that the diminution of the nitrous gas * ig 
* owing to the combination of the mercury 
* with the oxygene, which exiſted in the 
gas +.” . 

ut this anſwer is inſufficient; as it does 
not account for the water, and acid, that ap- 
peared : and indeed, by this experiment, the 
Antiphlogiſtians are refuted on their own 
principles, and the decompolition of water is 


inconteſtably proved; for as nitrous acid 


could not be formed without more oxygen 
than what exiſted in the nitrous air, 1s it not 
evident, that this oxygen muſt be derived 
from the water contained in the nitrous air ? 
It is obvious then, that the water of the gas 
was decompoſed ; which ſeems to have been 
effected in the following manner. Abe 

The electric ſpark diminiſhes the attractjon 
of the conſtituent principles of the water for 
each other; hence the azote of the gas unites. 


— 34 
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with the oxygen of the water, while the hy. 


drogen of the latter combines with the oxy- 
gen of the gas; and thus water and nitrous 
acid are formed, 1 

The formation of nitrous acid in Mr. Ca- 
vendiſh's noted experiment, cannot be ex- 
plained on any other principle than the de- 


compoſition of water: when the electric 


{park is taken in a mixture of azotic gas, and 


vital air; the water of theſe airs is decom- 
poſed: the electric flame leſſens the force, 
with which the oxygen and hydrogen of the 
water adhere ; hence the azote ſeizes the oxy- 
en of the water, and forms uitrous acid, 


while the hydrogen of the water unites with 


the oxygen of the vital air, and forms a quan- 
tity of water equal to that decompoled. _ 

When nitrous, and vital air, are mixed 
the whole maſs ** hiffes, turns red, grows 
warm, and contracts in bulk,” the azote of 
the nitrous air attracts the oxygen of the 
water, and forms nitrous acid, while the hy- 
drogen of the water unites in its naſcent 
ſtate with the oxygen of the vital air, and 
forms a quantity of water equal to that de- 
compoled. TI? Ig 

Hence while the azote of the nitrous air is 
oxygenated; and the caloric is reſtored to ita 
combuſtible ſtate. 


gut it is to be obferved,” ſays M. Ber "I 


man, treating of this experiment, “that the 


decompoſition of nitrous air is the effect 
of 2 double attraction; the phlogiſton is 
| * «« attracted 
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c attracted by the vital air, and the acid part 
« by the water. Therefore, when the mix- 
« ture is made in a phial immerſed in mer- 
„% cury, the experiment fails *,” 


HyDROGEN. 


The combuſtion of hydrogen gas with vital 
air is explicable only on the decompoſition of 
the water contained in theſe airs : thus when 
flame, or a glowing body 1s applied to a mix- 
ture of them; the attraction of the principles 
of the water for each other is diminiſhed ; 
therefore the hydrogen of the iuflammable 
air unites with the oxygen of the water, 
while the hydrogen of the latter ſeizes the 
oxygen of the vital air : thus the whole bulk 
of the airs, which are changed into water, 
diſappears ; and their light, and caloric, are 
reſtored to the combuſtible ſtate. 

Hence it appears that water 1s not formed 
during the combuſtion of vital, and inflam- 
mable air, in the manner the Antiphlogiſtians 
ſuppoſe. 

Indeed it is obvious, that, if theſe airs cou - 
tained no water, they could never be burned: 


for ſince they are already ſaturated with light, 


and caloric, they can have no attraction for 
any additional quantity of theſe fluids; and 
conſequently can ſuffer no other change from 
the light, or caloric, of a glowing body, than 


Elec. Attr. Eng. Tranſ. p. 211. 


a greater 
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a greater degree of expanſion, and therefore 
could never unite. 


The ſame reaſoning applies to the com- 
buſtion of all elaſtic fluids. 


PHOSPHORUS. 


Vital air always contains a large proportion 
of water : when phoſphorus is burned in this 
air, it attracts the oxygen of the water, and 
forms phoſphoric acid, while the hydrogen 
of the water unites with the oxygen of the 
gas, and forms water, which unites with the 
acid. . 

Hence the weight of the acid formed is 
equal to the . of the oxygen gas, and 
8 conſumed ; and the light and ca- 
oric, which appear during the combuſtion, 
are reſtored to their combuſtible ſtate. 

This explanation is confirmed by an ob- 
ſervation of Mr. Bergman, who ſays, 

In vital air, without the aid of external 
«© heat, phoſphorus is conſumed very ſlowly, 
„and ſcarce at all, unleſs water be pre- 
« ſent *.“ 

Therefore the phoſphorus does not unite 
to the oxygen of the vital air, as M. Lavoi- 
ſier ſuppoſes, but to the oxygen of the wa- 
ter contained in the oxygen gas. 


0 El. Att. Eng. Tranſ. p. 213. 
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SULPHUR, 
When fulphur is burned in vital air, ft 


attracts the oxygen of the water, and forms 
ſulphuric acid, while the hydrogen of the 
water attracts the oxygen of the gas, and 
forms a quantity of water equal to that de- 


compoſed : the light and caloric are ar the 


ſame time reſtored to their combuſtible ſtate, 

The ſulphur then does not unite with the 
oxygen of the vital air, as the Antiphlogiſ- 
tians imagine, but with the oxygen of mM 
water contained in that gas. 


CHARCOAL. 


In like manner during the combuſtion of 
charcoal in vital air, the carbone attracts the 
oxygen of the water, and forms carbonie 
acid, while the hydrogen of the water. unites 
with the oxygen of the vital air, and forms 
2 new quantity of water equal to that de- 
compoſed. 

Hence the n of the charcoal does 
not unite with the oxygen of the vital air, 
as M. Lavoifier ſuppoſes, but with the oxy- 
gen of the water contained in that gas. 

That water is decompoſed in every in- 
ſtance of combuſtion, is further proved by 
attending to what paſſes during the burning 
of a common fire: the carbone of the fuel 
combines with the oxygen of the water, and 


forms carbonic acid, while the hydrogen of 
| the 


** 
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the water unites partly with the oxygen, and 
partly with the azote of the atmoſphere, and 
forms water, and the ammonia, which 
abounds in ſoot. 

From theſe obſervations it is evident, that 
M. Lavoiſier's account of the formation 'of 
water, and acids, is erroneous, and inade- 
quate to explain the phenomena, 

The different kinds of fermentation are fo 
many inſtances of the decompoſition of was 
ter: in every caſe of them, combuſtible bo- 
dies are oxygenated by the oxygen of the - 
water,” while others are reſtored by its hy- 
drogen to their combuſtible ſtate. 

Hence the azote, ammonia, and carbonic 
acid of fermentation, the inflammable air of 
marſhes, mines, &c. the azotic, and hydro- 
gen gas, aſcending 1 into the atmoſphere, and 
chere meeting the vital air diſcharged from 
the water of plants, &c. form new quantities 
of air, and water. 

When the azote is oxygenated, it unites 
with the oxygen of the water contained in 
the air, and forms atmoſpheric air, and ſome- 
times perhaps nitrous acid, the hydrogen of 
the water combines, at the ſame time, with 
the oxygen of the vital air, and forms aiquari- 
tity of water equal to that decompoſed. dag 

But when the hydrogen 1s otygenated, a 
quantity of water double that decotmmpotvd is 
regenerated; for the hydrogen of ah& yas 
unites with .the: oxygen of the wareryowhile 
the hydrogen of che latter ſeizes this oxygen 
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of the vital air: and thus a quantity of water 
double that decompoled is formed, and that 
art of it which the atmoſphere cannot ſuſ- 


pend deſcends in the form of rain. 


When theſe decompoſitions are rapid, the 
phenomena of thunder and lightning appear. 
This account of the renovation of our at- 
moſphere explains why the phenomena of 
thunder aud lightning appear ſometimes with, 
and ſometimes without rain, and alto accounts 
for the production of the nitrous acid, which 


Mr. Margraaf diſcovered in the pureſt ſnow. 


The breathing of fiſhes is a ſtriking proof 
of the d-compolition of water in reſpiration. | 

For this view of the formation. of our at- 
woſphere I am indebted to a friend well ac- 
quainted with the experiments related in this 
eſſay, and alſo for the application of the opi- 
nion which 1 venture to advance, to the reſ- 
piration of animals, 7425 

The phenomena of vegetation cannot be 
explained on any other principle, than the 
decompoſition ot water by heat, and light, 


which uniting to the oxygen of the water 


contained in vegetables change it into ſtreams 
of vital air, that ſerve to renovate our at- 
moſphere : the hydrogen of the water, at the 


ſame time, contributes to form the oil and 


other principles of plants, and when theſe are 
decompoſed by the various proceſſes of com- 
buſtion, forms a quantity of water equal to 
that conſumed in their formation. 


The changes, which nitric acid ſuffers by 


expoſure 
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expoſure to heat, or light, are explained with 
eaſe on this principle: the light unites with 
the oxygen of the water contained in the ni- 
tric acid, and forms vital «air, while the hy- 
drogen of the water combines with the oxy+ 
gen of the acid, and forms a new quantity of 
water equal to that decompoſed : thus the 
nitric is converted into the ruddy nitrous acid. 


MzeT ALS. 


According to the Antiphlogiſtians, In 
« every metallic ſolution by an acid, the 
„ metal, in order to become oxided, decom- 
„ poſes either the acid itſelf, or the water of 
„ ſolution, or it obtains from the atmoſphere 
{© the requiſite quantity of oxygene. In the 
«+ ſecond caſe, 3 gas, in a ſtate 
of greater or leſs purity is diſengaged; and 
the acid remains entire without decompo- 
<« fition, which is proved by the quantity of 
„ alkali neceffary to ſaturate it. In the firſt 
t caſe, one of the principles of the acid, or 
the acid deprived of part of its oxygene, 
&« is diſengaged, and fuſed in the caloric, 
« which is ſeparated at the fame time; ſuch 
&« are nitrous gas, and ſulphurous acid gas. 
In the third caſe, neither the water nor 
& the acid are changed; ſuch is the ſolution 
of copper by the acetous acid. 8 

© The muriatic acid, and the vegetable 
„ acids, which are formed of radicals, or 
„ acidifiable principles, which have more 

_ « affinity 
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* affinity with oxygenc, than the metals 
* have, are not decompoſed by theſe metals, 
« and the oxygene is always aiforded to theſe 
« laſt by the water or atmoſphere. Hence 
« the ſolutions by theſe acids afford only hy- 
* drogenous gas, or do not efferveſe at all. 
There are ſome caſes in which the wa- 
ce ter and the acid are at the ſame time de- 
* compoſed by the metal, as in the ſolution 
« of tin in the nitric. acid, according to the 
« obſervation of M. De Morveau.” 
Tin is fo greedy of oxygene, and requires 


« ſo large e a quantity for its ſaturation, that 


« after having ablorbed that of the nitric 
« acid, and reduced it to the ſtate of azote, 
it decompolcs likewiſe the water, and diſ- 
« engages hydrogęne. Theſe two principles 
2 being ſeparated from their firſt compounds, 

« unite together, and. immediately form am- 
« moniac. Hence there is no diſengagement 
« of elaſtic fluid. In this caſe it appears, 
66 that the formation of ammoniac, in the 
4 ſolution of tin by the nitric acid, always 
<«-takes place; for by throwing quicklime, 
14 or cauſtic fixed, alkali, into this folution, 
T there is always 3 dibengagement ot ammo- 
40 niac _— F 

It is evideut, then, that this account of the 
oxygenation of metals, given by the. Ayti- 
pblogiſtians, is ue complex, as mou ac- 
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count of metallic reduction, and improbable; 
ſince every caſe, in which they deny the de- 
compaſition of water, and derive the oxygen 
from other fources, is eaſily, and naturally 
explained on that principle, as will ”m— 
from what follows. 

Thus when mercury, or filver, is difolved 
in nitric acid; the metal attracts. the oxygen 
of the water, while the hydrogen of the lat- 
ter unites with, and ſeparates, more or leſs 
of the oxygen of the acid, which is thus 
changed into nitrous air. 
| The fame thing happens during the ſolu- 
tion of other metals in this acid; the only 
difference being the greater or lefs energy, 
and rapidity, with which they combine with 
the oxygen of the water. 

This decompoſition of water is confirmed 
by the ſolution of tin in this acid; ; in which 
hs Antiphlogiſtians allow the decompobition 
of the acid, and the water too; for ammonia 
is formed by part of the hydrogen of the 
water, and azote of the acid. F 

In every caſe of metallic ſolution by ſul 
phuric, and muriatie acids, whether concen- 
trated, or diluted, water is decompoſed: the 
metals attractiug the oxygen of the water, 
while its hydrogen eſcapes in the form of in- 
flammable air, or unites partly with the oxy- 
gen of the acid, and partly with caloric : 
hence the volatile ſulphurous acid, and mu- 
riatie acid air, obtained, always contain ſome 
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hydrogen gas, as appears from the following 
obſervation of M. Bergman. 

« By means of vitriolic acid, inflammable 
« air is obtained from zinc, and iron, as alſo 
% by means of marine acid; but, from the 
« other metals diflolved in vitriolic acid, we 
„obtain another ſpecies of air, called vitri- 
* olic acid air; and, by the, marine acid, an- 
& other fimilar to the former, called murratic 
& ajr, but both more or leſs mixed with in. 
& flammable air *. 

Again, when copper is diſſolved in the 
acetous acid; the copper attracts the oxygen 
of the water, while. the hydrogen of the Tar- 
ter unites with the oxygen of the atmoſphere, 
and forms water : hence no efferveſcence ap- 

ars. 184 
' When alkalies diſſolve metals, the latter 
are always oxygenated at the expence of the 
water, which holds the alkali in ſolution : 
thus when lead, and copper, are diſſolved; 
the metals combine with the oxygen of the 
water, while its hydrogen unites to the oxy- 
gen of the atmoſphere, and forms water: 
hence no hydrogen gas appears. 

The oxygenation of metals, and other ſub- 
ſtances by heat, and air, is eaſily explained 


on the ſame principle: the metals, &c. unite 


with the oxygen of the water contained in 
* Chem. EM. Vol. II. p. 358. Eng. Trani. 


atmoſpheric 
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atmoſpheric air, while the hydrogen of the 
water combines with the oxygen of the air, 
and forms a quantity of water equal to that 
decompoſed. 

This explanation is clearly proved by an 
experiment of Mr. Bergman on the regulus 
of manganeſe, which, if kept in a dry place, 
retains its metallic ſplendour ; but. if expoſed 
to moiſture, 1s ſoon oxygenated, and lotes its 
luſtre *. 

It is further confirmed by the cid of 


the diſtinguiſhed Mr. Scheele, who ſays, that 


the water contained in common atmoſphe- 
& ric air is the chief cauſe of the ignition of 
« pyrophorus,” which he proved by the fol- 
lowing experiment. 

« I made a very dry air by putting ſome 
t very {mall pieces of quicklime into a ſmall 
% matraſs: then I put the neck of another 
% matraſs into that of the firſt, ſo that the 
air of both might communicate; and I 
«+ luted the crevices with wax, Two days 
*« afterwards I ſeparated the empty matraſs, 
and poured half an ounce of pyrophorus 
« from my phial into it, and immediately 
carefully ſhut the aperture up: but I did 
not obſerve, that it grew in the leaſt warm: 
an hour after this, I puta ſponge moiſtened 
in water into the matraſs, and ſhut it up * 
again: a few minutes after the pyropho- 
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rus began ſtrongly to be heated, and ſome 
& pieces kindled ſpontaneouſly +. 

Many other facts might be adduced to 
prove, that oxygenation cannot take place 
without water, as the combuſtion of mix- 
tures of iron filings, fulphur and water, of 
alkaline fulphure and water, &c. in which 
the water 1s decompoſcd, and the combuſtible 
bodies oxygenated by its oxygen. 

It is evident then from the experiments 
and obſervations related in this eſſay, that 
water is eſſential to the oxygenation of com- 
buſtible bodies; and that it is the only ſource 
of the oxygen that oxygenates them: it is 
alſo evident, that when one body is oxyge- 
nated, another, at leaſt, is reſtored to the 
combuſtible ftate : hence it appears that the 
oxygenation of combuttible bodies 1s never 
effected by a ſingle affinity. 

The Antiphlogiſtians treating of the pre- 
cipitation of metals by each other, ſay, 

Since the metals cannot remain united 
© to the acids, but in the ſtate of oxides of 
« a dcterminate degree, it is eaſily conceived, 
that by plunging into a metallic ſolution 
metal which has a ſtronger affinity with 
* oxygene than that which is diſſolved, the 
former muſt deprive the latter of its oxy- 
gene, take its place in the acid, and cauſe 
„ the ſecond to ſubſide in a form more or 
« lets metallic, accordingly as it has deprived 
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it of more or leſs oxygene. | This is the 
*« reaſon of the precipitation of Gilver by, cop- 
r, copper by iron *,” XK. 

Bat this account of the precipitation. of 
metals by one another cannot be admitted; 
for it has been proved in every inſtance of re- 
duction related in this eſſay, that water: is 
decompoſed, and that its hydrogen is the ouly 
{ubſtance that reſtores bodies to their com- 
buſtible Rate. 

There is no reaſon then to foal that 
nature deviates, in this particular caſe, from 
that uniform ſimplicity, which ſhe conſtantly 
obſerves in all her operations. 

Therefore it is obvious, that, when one 
metal. precipitates another in a form more' or 
leſs, metallic ; the precipitant unites with the 
oxygen of the water, while the hydrogen of 
the latter combines with, and ſeparates, the 
oxygen of the precipitated metal, and thus 
reduces it. 

The, experiments made with phoſphorus 
and metallic ſolutions i in ether, alcohol, and. 
water, prove the truth of this explanation; 
and ſhow that when one metal precipitates 
another in the metallic form, it acts like a 
ſtick of phoſphorus, decompoſing the water. 

This account of the reduction of one me- 
tal by another is ſupported by the N of 
Mr. Bergman, who ſays, 


* Eff; on Phlog. new Ed. by Mr. Kibwas, p-. 336, and 
237. 
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« It is well known, that the calx of cop- 
« per, diſſelved in vitriolic acid, is precipi- 
stated iu its metallic form on the addition 
66 of iron; and that by means of a double 
ce elective att raction; for the iron diſſolving 
* in the acid would form an inftammable air 
« by its phlogiſton, were not the copper 
tc preſent, which takes it up“.“ 

The ſame author remarks, that a ſmall ex- 
ceſs of acid is neceſſary, and that without it 
no. precipitation begins. 

Now fince water is decompoſed by iron 
and ſulphuric acid, it muſt be allowed, 
that, when iron is immerſed in a ſolution of 
fulphate of copper, the water is decompoſed 
by the iron and exceſs of acid, the iron at- 
tract ing the oxygen of the water, while the 
hydrogen of the latter, unites to the oxygen 
of the copper, reduces it, and forms a quan- 
tity of water equal to that decompoſed. 

The precipitation of ſilver in its metallic 
form by iron and other metals is to be ex- 
reg in the ſame manner: and not by a 
ingle affinity, as the Antiphlogiſtians ima- 

ne. 

The reduction of gold, and ſome other me- 
tals, by ſolutions of ſulphate of iron, and 
muriate of tin, is readily accounted for on the 
principles advanced here; for freſh made ſo- 
lutions of ſulphate of iron, and muriate of 
tin, contain hydrogen, and have the power 
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of decompoſing water: the oxygen of which 
unites with the iron, and tin, while its hy- 
drogen ſeizes the oxygen of the gold, &c. 
reduces it, and forms a quantity of water 
equal to that decompoſed. 

The decompoſition of water 1s further 
proved by the large dilution neceflary to form 
the arbor Dianæ, the purple precipitate of 
Caſſius, and other inſtances of the reduction 
of metals by one another. 
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CHAPTER XI. 
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 CONCLUSTON. 


I SHALL conclude with a general view of 
the interences, which I ventured to advance 
in this eſſay. 

1. Neither the Phlogiſtians, nor Anti- 
phlogiſtiaus, account in a ſatisfactory man- 
ner tor the increaſe of weight, w hich bodies 
acquire during combuſtion. 
| 2. Their account of the formation of wa- 
12 ter, acids, and oxids, is erroneous ; for it has 
F- been ſhown that the oxygen of water alone 
4 oxygenates combuſtible bodies. 


3. Combuſtible bodies, as hydrogen, phoſ- 


is phorus, ſulphur, charcoal, light, &c. are ca- 
10 pable of reducing the metals in the ordinary 
{S temperature of the atmoſphere ; aud indeed 
* I might add, at a much lower temperature, 
* as I frequently experienced. 


4. Combuſtible bodies do not reduce the 
metals by giving them phlogiſton, as the 
Phlogiſtians ſuppoſe ; nor by uniting with, 
and ſeparating their oxygen, as the Anti- 
phlogiſtians maintain. 


5. Water is eſſential both to the reduction 
and oxygenation of bodies, and is always de- 
compoſed in theſe operations, 


6. Water 
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6. Water does not contribute to metallic 
reduction merely by diſſolving and minutely 
dividing the particles of metallic falts, and 
thus removing the impediment oppoſed to 
chymical attraction by the attraction of co- 
heſion: for were this the caſe, metallic ſo- 
lutions in ether and alcohol, in which that 
impediment 1s equally removed, ſhould be as 
readily and effectually reduced, as metallic 
ſolutions in water are, | 

This circumſtance, in which all the expe- 
riments on metallic reduction detailed in this 
eflay exactly coincide, merits particular at- 
tention, and ſhows that the manner, in which 
combuſtible bodies effect the reduction, is the 
ſame in them all. 

7. When one body is oxygenated, another, 
at leaſt, is reſtored at the ſame time to its 
combuſtible ſtate; and v. v. when one body 
is reſtore d to its combuſtible ſtate, another at 
leaſt is at the ſame time oxygenated. a 

8. Quantities of air, and water, equal to 


thoſe decompoſed in the different ſpecies of 


combuſtion, are conſtantly a forming. 


Thus nature, by maintaining this balance 
of power between combuſtible and oxyge- 
nated bodies, prevents the return of original 
chaos. | 

Since then in every act of combuſtion, one 
body, at leaſt, is oxygenated, and another 
reſtored, at the ſame time, to its combuſtible 
ſtate, the phenomena of combuſtion may be 
referred to two heads, viz. 
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Oxygenation, or the union of oxygen with 
combuſtible bodies, and 

Reduction, or the reſtoration of oxygenated 
bodies to their combuſtible ſtate. 

And fince in every inſtance of combuſtion 
water is decompoicd, and one body oxyge- 
nated by the oxygen of the water, while an- 
other 1s reſtored to its combuſtible ſtate by 
the hydrogen of the ſame fluid, it follows, 

1. That the hydrogen of water is the only 
ſubſtance, that reſtores bodics to their com- 
buſtible ſtate. 

2. That water is the only ſource of the 
oxygen, which oxy genates combuſtible bo- 


on. 
. That no caſe of combuſtion is effected 


by a ſingle affinity. | 

This view of combuſtion may ſerve to 
ſhow how nature is always the fame, and 
maintains her equilibrium by preferving the 
ſame quantities of air and water on the ſur- 
face of our globe: for as faſt as theſe are 
conſumed in the various proceſſes of com- 
buſtion, equal quantities are formed, and 
riſe regenerated hike the Phenix from her 
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NoMENCLATURE of the Chymical Terms 


uſed in this Eſay. 
NEW NAMES, OLD NAMES. 

AMMONIA - - CAUSTIC vol. alkali. 
Acetite of lead - - Sugar of lead. 

copper - Verdirgris. 
Azote - - - = Baſe of phlogiſticated air. 
Azotic gas - —Phlogiſticated air. 
Alkaline ſulphure - Liver of ſulphur. 
Alcohol Highly rectified ſpirit of wine. 
Carbone Pure coal. 
Carbonic acid Fixed air. 


Caloric - 8 
Hydrogen 
Hydrogen gas 
Hydrure of ſulphur - 


phoſphorus 


Muriate of tin 4 
—ſilver 


zinc — 
— - 
Nitric acid - - 
Nitro-muriatic acid - 


' Nitro-muriate of gold 


Heat. 

Baſe of inflammable air. 

Inflammable air. 

A compound of hydrogen and 
ſulphur. 

A compound of hydrogen and 
phoſphorus. 


Salt of Jupiter. 


Luna cornea. 

Arſenic combined with mu- 
riatic acid. 

Marine falt of zinc. 

Marine ſalt of cobalt. 

Dephlogiſticated nitrous acid. 

Aqua regia. 

A compound of gold and aqua 
regia. 


— platina - A compound of platina and 


aqua regia. 
Nitrate 
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NEW NAMES, OLD NAMES, 
Nitrate of filver - Lunar nitre, ctyſtals of the 
x moon. 


of mercury Mercurial nitre. 

of biſmuth - - Nitre of biſmuth. 

of manganeſe - Nitre of manganeſe. 

Oxygen - hHaſe of vital air. 

Oxygen gas - - Vital air. 

Oxygenated muriate of Corroſive ſublimate. 
mercury .- _ - - | 

Pruſſiate of mercury A compound of mercury and 

pruſſic acid. 

Phoſphorated hydrogen gas Phoſphoric air. 

Potaſh -=— - - Cauſtic vegetable alkali. 

Sulphuric ether — Vitriolic ether. 

Sulphureous acid gas — Vol. ſulphureous acid. 

Sulphurated hydrogen gas Hepatic acid. 

Sulphate of copper - - Bluevitriol. 

zinc = White ditto. 

iron Green ditto. 

manganeſe Vitriol of manganeſe. 

Soda - ʒ⁊ - Cauuſtic mineral alkali. 

Tartarite of antimony Emetic tartar. 
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